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>Xfr6£«m3gfG3, ^®ffiiJlca(DiEP<-X*XU 
>Xfr££SSB4?¥G4fre>&y> fcftimfrZmiMmz 

mferzm*. m2mG2£m3mG3it?aofmm*- 

[008 1] immi*. mi -2gfG 1 -2OPi0iiEU 
VX<0«*fflW>E^ m3g¥G3©gt,!t!ilf*fi|iJO^ S4 
gf G 4<DlE*-Xt>X l/>X<DVl}tt-m<Dm<D 3 ffilCffif 

[0082] mmm 4 ©jtasf y fttf x-^K^m*. 
¥^t¥s« <t mmt*%mfr y ft if x y xz* p ^ e & s m 

1 — 1 t¥G 1 — 1 » MIHlftU>Xi:j^aiEU'>X6 N e^: 
S^l-2gfGl-2, B3Pi!Syi:^i!]iiEU>X<»:i^(!i 

IE u y x t y/nwrn i c a cd* p< - x t> x i> > xi? 5 ts. « m 
2g¥G2, VD'&micaoiEt-xtixi'yXfrttzm 

3?¥G3s ^MfcacDIEy-7.*7.U>X^6J5:*S 

4i¥G4^e^y. fcmi%fr<bm.mmz&i&T2>mt-. 

m2l¥G2<hm3i¥G3 liP^fDP^Pi^— MliKlf ^ic^ 

46 ^ 6 toftffiiJ'v^ift r ^> o 
[0 0 8 3] ^3*®l*s mi -2»G 1 -2<DffiaiEl/ 

yx<»qi>tomom. m2^G2^yco«<7)i^aiEu> 

XO^WJ©®, %4mG4<DiE*=Xt)X\syX<DVB 

[oo84] nrnrn 5 ojta»f y fttf x- ixwzm*. 

ytmfrvmf xyxAPft^^ssi &g 1 s BBP»y 
<tsaiEuvX3b^^«m2i¥G2, mamuyxtm 
pg * u > X£D&£ u v x<t isi am u > x^ 6 & * n 3 gf 

G3, %lttffliJlCQ(7)ftp<Z.X*XU'>X^6'5:*M4af 

G4> ^fiijicaoiE^-T.^xuvx^e^^msef 
G5*^6^y, fcmmfrzm&mc&isrzmt, %2 

m G 2 <£3g3 gfG 3 «Pa<DP^Pi*— M«/£tf^^46^ 
$7cs m3SfG3im4S¥G4t*P^CDP^Pg^^f 

[0085] misfG 1 <r>maiEi<yx<Dm 

mmvm. &2mG 2 <DnaiEi>yxomi*m<z>M. m 
4mG4<Dn*-xiDXisyx<DmmM(Dm, msmG 

5 <r>TE*-Xt)X U>X<D^E#JCD®£D4BlCffl^6n 
[0086] SlflSfll 6 CD^KJ/ry ftlf X- 



(8) 



^BI2 003-4 3354 



G 1 v Hatty ffiOIEUVX.h^SffliJlcaroe^- 

icfl(o^/-7.*xu>x6^e.*5Si3i¥G3, mam 

UVXfr6&3&4S¥G4frSfcy, ££4ififr62>Sis5 
lc^er^» m2g^G2<!:^3SfG3ttra<DP^PiS^ 
£W*#S1WM!I'M*»U 3&4S¥G 4li«!®ffliJ(ca0 

[0 0 8 7] #3gBtt* MlSfGI CDMIHlftU>X(Dt» 
m2gfG2(D«t,%i*#J<D®. H38fG3© 

n*-xtixis> x<z>mwm(DM<D 3 ® ic u» 6 nr i n 

[0 0 8 8] Hffli«!l7©) l 6K}ffyffllfX-^^^ 
E7lc^-r«fe'PH: v %{*#JU:i!l<Dft;><:=:xaxU>X£ 

Wt¥®«5 t.mmrs.ymm y mif x y xi* p # e 

1 - 1 SfG 1 - 1 , ffi\3fl[s-yXtMaiEl>>Xfr i =>lZ 
-5^1 -2SfG 1 -2, Matty <tffiAIEU>X<!:. M 
&JE l> >X £ MBflHC flOfl ;* - X 13 X U VXOft^ U 
>X<£> »*$JU:A<9ft*z:X£XU:yX2*fcjb > 6&£ 
3T28G2, ^ffiffliJlCfl£DiEP<-7.*XU>X6^6^« 
Sg3?¥G3, #EffliJlCG<DIE*-7.#XU>Xfr6fc£ 

(i* m28¥G2,t^3SfG3l*P^OF^BI^-M«^f^ 

[0 0 8 9] #5*®fci\ mi -1S¥G 
2jXU>XCD&EffiiJ<£ffi, m2SfG2£DSt,%tt:#J<D 
E. ^4PG4<DIE*r:X#XU>Xc9«*«DH<E>3 

[0090] *sfc#j 8 ©fts&tfT »j mf x-jux^miZs 

m8izm?£5{c. vnwmica<DM)<-xi3X[yyxt 

Wiw-wm. t mffiizft&ifr y fttf xy xu p # e&ssr 

1-1BG1-1, PD3*UVXi:!|4H*ffliJlCi£i(DIEP<- 
X»XU>X^5S5S1 -23¥G1 -2, WO&V £ 

majEi<>X£. m{hi£\yyX£mmnvyx<o^iy 
>xtre>te2>m2mG2. mmmi,c{h(DiE^-xt)X\y 

>Xfr6SSS3?¥G3, m^m\ca(DiE^-XtlX\y 

yx^6ssm4gfG46^e^Us mm%fr<z>m.i&mc 

[00 9 1] $mmi*, 311 - 1I¥G 1 - 1<D»y^X 
* X U >XcD%fls:ffliJ<7)H, |g 2 gfG 2 CDftt^^JtO 
E> m4?¥G4tDIE^-X*XU>X^®#J©ffi<D3 

[0092] nfis^j 9 cDjtssi/f y ffltf X- /x^^^t*. 

¥^¥®«g<!:iiffi^^!a*/f y tttf xy XI* P e 
1-18G1-1, vnmiizao>n*-xtjxi<>X£ 

VB&mica<DiE*-Xt)Xis>Xt> s Z>-&2>ni -2&G 

1-2, Mp^y<tja5oiEU>X6^e^5m2SfG2, 



majE[y>X£%wmic{h(Dn^-xtixiy>X£. m 
ami'>X£ffiwni'>X(Dm-&\s>xfre>i3;z>&3U 

G3s i?®ffliJlca<0iE^-X*XU>'X^6^S^4|¥ 
G4fr6fty« /£^4S^6S5i«(c^fg-rs^*s S&2 
8G 2 <hm3PG StiF^F^PS^-MliJEtf^lcgT^ 

[0 0 9 3] ^®«s £1 -2gfG i -2<nn*-x 
■hXlsZ/XO&WMOW. S3SfG2CDg i fe%litffliJ© 
®* m4g¥G4<DIE*-;*axU>X©«*:fliJ<DE<£>3 

[0094] ussm i o oms&ffi y x-ix«*» 

>X£¥?T¥®1£<i:l?tili&ttS&#r y ftW X y XA P frS 
£Smi-1S¥G1-K W«:ffliJ(CflC0ftp<-X*XU 
VX<!:%lfls:ffliJlCfl(DiE^-X*XU>Xfr6SSSl - 
2gfG1-2, MPtt»J£:« MiaiEU>X<!:®®ffliJlCfl 
CD* ^ ~ 7. U >X<DJ£ £ U VXfr 2 g*G 
2> %(*ffiiJlCi£iC[)iE/-7.*XU>'X<!:*!!li*fi'JtCi£i<Dft 

^-x^xuvxts j^aiEuyXiii^iHiftuvxroje 

^U>Xfr6&S3l3g¥G3, ^SffliJlCfitOIE^-X* 
XU>X>5^SS4gfG4^6%y, ffiftJS^eSS 
4SlC^-r*f^l*s m2S¥G2tm3PG3t*P^^PI 

[0 0 9 5] ^J*®tt\ $g1 -2gfG 1 -2CDft^~X 
*X U>XcD^affi!l<DH, m 3 G 2 (D»1.%l(*1liJ^) 

m4mG -xt>xis>x<DVnt*m<Dm(D3 
[0096] hbs^ji iw^s«/fyfttfx-i*3t^ 

^Smi-1l¥G1-K mWM\Z{hV>fk*-Xt>X\s 
-yX£^BWWnih<r>JE^-Xt)Xl'yXt^ts^,mi - 
2PG1-2, BBP«y<t, MOIEUVXi^a^JlcO 
<35ftp<-X*XU>XW^U>X^6^:«m2?¥G 
2, ^ffiiJtca^IEy^XAT.UyXi:, fl¥iEU>X 
t¥IHlftU>X<D}g^U>X^5^5m3pG3. j^Ci 
iE^>Xfre^:SS4^G4^6^y^ (£^6^1151 
%IC^t§^». ^2gfG2t*m3gfG3l*Fa<DF^RI 

[0 0 9 7] ^1 -2gfG 1 -2<D*^^7. 

*XU>XW®HffliJ©ffi, m3fifG3^)iE^r:X*XU 
>X<D%)i*ffliJ<7)S, m4PG4©SOIEU>X<D^EffliJ 

[0098] siss^j i 2 ©tts&iff y ffltf x-uyt^ 
it, ei 2ic^-r<fc3it, ca^fiU'VX.tifffi^KJ/f 
yffitfxyxzxP^e^smi — 1 t$G i — 1 > ^i'j 

IC H p< - X t> X U > X <t %it#J eg (DIE* - X 13 X 
U>X<D^U>X6^^«mi -2I¥G 1 -2. ggP 

liKytx pfliEuyxt, %i*ffliJiciacDiEp<^x^xu 

>X£VDftMlca(Dfl)<-Xt)Xls>X(Di&&l'>X£ 



(9) 
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#6&£jg2gfG2, ffiajE\s>xfre>izz>m3mG 

3. &S#JKO<DIE;*3X*;*L>>Xfr6&*3Ug¥G 

G 2 <hSg 3 g¥G 3 ttP^COP^Pi^-B li/frf mz&ti)fttf 

[0 0 9 9] ^Htts Sgl - 1 8¥G 1 - 1 oitatfy 
tt^^UX^PO»i*«OiB, Sg2g*G2QSt%<*«ii] 
OB* JB4WG4©iEy-X»XU>X©«B«©BO 
3ElCffll>6ftTl N £o 

[oioo] jxtk. ±e***«©8«7 r -**s^ 



r i = -26. 8147 d 1 = 

r 2 = 00 (JSWffi) d2 = 

r 3 = 6.2254 d3 = 

r4 = 424.9864 (#$cffi) d4 = 

r 5 = -48.1247 ds = 

r6 = 00 MM) d6 = 

r7 = 17.8731 (#«ffi) 67 = 

rs = -16.6911 ds = 

r9 = 7.9903 d9 = 

r 10= -14.7007 dio= 

r n= 7.0178 d n= 

ri2= 11.2307 di2= 

r 13- -24.5400 di3= 

r 14= 18.1763 di4= 

ns= 5.9110 &mm) di5= 

r 16= 14.1876 di6= 

r 17= -7.1178 mmm) di7= 

r 18= 00 d 18= 

M9= 00 di9= 

r 20= 00 d 20= 

r 21= 00 d21= 

r 22= 00 d 22= 



r 23= 00 ttSBB) 



S4I 




K = 


0. 0195 




A4 = 


5. 4111 


X10-4 


A6 = 


2. 1984 


X10-6 


A8 = 


4. 5957 


X10-7 


A10=" 


-1.0754 


XI 0-8 




s 




K = 


5. 8821 




A4 =" 


-2. 7575 


X10-4 


A6 = 


5.8194 


X10-6 


As =■ 


-7. 9649 


X10-7 


A10= 


3. 4848 


X10-8 



1 . d2 -ti*U>XSBKB<DHW, nd1* n<j2 
>X<DdJ|6<DJB»r** v/d1v i/d2-tt*U>XOT'y^ 

S?6So ft*. x»WMifir*fa*iE 

IBCD3(CTS<!rn«. 
[0101] x= (y2 / r ) / [1+ {1- (K + 
1) (y/r) 2 } 1/2 ] +My 4 +A6y6 +Asy8 + 
Aioy 10 

tctcLs rttifitfltt*¥& KttRifM&S, A4> A 6 x 
A8v A10 1***1^*14*, 6#U 8*. 1 0%<DA9HH 

[0 10 2] 



3.8000 nd1 =1.73400 vdl =51.47 

3. 2000 n d2 =1 • 73400 v d2 =51 . 47 
1.7202 

2.4297 nd3 =1.84666 v/ d3 =23.78 

(TO) 
0. 5000 

2. 0000 n d4 =1 • 5891 3 v d4 =61 . 26 

6. 2379 n d5 =1 • 48749 v d5 =70. 23 

0. 8488 n d6 =1- 84666 1/ d6 =23. 78 
1.1903 

1 . 6307 n d7 =1 • 84666 v d7 =23. 78 
OMD 

0.5000 nd8 =1.84666 Vd8 =23.78 

3. 0000 n d9 =1 - 5891 3 v d9 =61 . 26 
0. 5006 

0.8000 nd10=1. 51633 v/d10=64. 14 

1.8000 nd1 1=1. 54771 Vd11=62.84 
0. 5000 

0.5000 nd12=L 51633 vd12=64. 14 
1.1914 



[0 103] 







(10) 






nm2 


an 5® 












K = 


-3. 6043 












A4 = 


2.6150 X10-3 












A6 = 


-8.5623 X10-6 












A8 = 


-2.8972 X10-6 












A10= 


1.5174 X10-7 












Sg1 7® 












K = 


0. 8882 












A4 = 


1.1140 X10-3 












A6 = 


-8.5962 XI 0-6 












A8 = 


3.9677 X10-7 












A10= 3.1086 X10-8 














— £ (oo) 














W E 




ST 




T E 




f (mm) 


4. 59000 




8. 95000 




13.23000 


F wn 


2. 8316 




3 8724 




4. 6438 


2 oj (° 

Sim W \ 


) 65 5 




34.0 




23.0 






12 93741 




5.34873 




2. 00000 


o 


2 61607 




2. 85689 




0. 50000 


H 13 

w 1 3 


1. 09671 




5. 22639 




10.38165 


w i j 


1 00016 




4. 21405 




4.71724 
















r i = — 
1 1 


129 7294 


dl = 


4. 5500 


nd1 =' 


1.80400 


vd1 =46.57 


r *> = 
■ z 


oo (J=/Jht[In) 


d 2 = 


4. 0019 


nd2 =' 


1.80400 


v d2 =46. 57 


r 3 


J. j070 


d 3 = 


1.6465 








r 4 = 


30.0332 @E8H) 


d 4 = 


1.4609 


nd3 = 


1.84666 


v d3 =23. 78 


r 5 = 


-35. 8611 


d 5 = 


OWE) 








r 6 = 


oo («y) 


d 6 = 


<pT«) 








r7 = 


9.6063 


d7 = 


2. 7296 


nd4 - 


1.48749 


v d4 =70. 23 


r8 = 


-30. 8421 


d 8 = 


0.1469 








r9 = 


10.1172 


d 9 = 


2.1277 


nd5 - 


1.69680 


i/d5 =55.53 


r 10= 


97. 1974 


dl0= 


0. 0500 








r 11= 


12.1982 


d 11= 


0. 7949 


nd6 =' 


1.84666 


v d6 =23. 78 


r 12= 


5. 7271 


dl2= 


(rT» 








r 13= 


14. 2960 


dl3= 


4. 0342 


nd7 =' 


1.48749 


vd7 =70.23 


r 14= 


-15.7323 


dl4= 


0. 1401 








r 15= 


-18. 5671 


dl5= 


1.1241 


nd8 =' 


1.84666 


v d8 =23. 78 


r 16= 


-29. 8834 


dl6= 


(RT«) 








r 17= 


46.3841 &mm) 


dl7= 


1.1752 


nd9 =' 


1.58913 


Vd9 =61.26 


r 18= 


541.6142 


dl8= 


0. 4453 








r 19= 


oo 


dl9= 


0. 8000 


nd10=' 


I. 51633 


^d10=64. 14 


r 20= 


oo 


d20= 


1.8000 


nd11=* 


1.54771 


v/d11=62.84 


r 21= 


oo 


d21= 


0. 5000 








r22= 


oo 


d22= 


0. 5000 


n d12=1- 51633 


v d 12=64. 14 


r 23= 


oo 


d23= 


1.2588 









r 24= 00 (11*85) 
K =42.6072 



t 



I 
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A4 = 4. 5281 


X10-4 


A6 =-1.2752 


X10"6 


As = 2. 9327 


X10-7 


Ain= 0 




£7S 




K = 0 




A4 =-2.9136 


X10-4 


Afi =-7.7511 


X10"7 


As = 2.4221 


X10-8 


A 10= 0 




Ml 7® 




K = 0 




A4 =-8. 0585 


X10-4 


A6 = 1.7583 


X10-5 


As =-1.1309 


X10-6 


Al0= 0 





(oo) 

WE 

f (mm) 4.71141 

F NO 2. 8000 

2iO (° ) 67.8 

d 6 7. 09024 

di2 3.08267 

d 16 0. 98577 

[0 10 4] 

mmm3 



1 = 


22. 0799 




di = 


2 = 


7.0105 




d2 = 


3 = 


oo 




d3 = 


4 = 


oo (E**ffi) 


d 4 = 


5 = 


oo 




d 5 = 


6 = 


-43.4610 




d6 = 


7 = 


9. 6384 




d 7 = 


8 = 


19.1908 




d 8 = 


9 = 


-40.1274 




d 9 = 


10= 


oo (flglj) 


dl0= 


11 = 


85. 1662 




dn= 


12= 


-18. 3807 




dl2= 


13= 


5. 5347 


M 


di3= 


14= 


-102. 8346 




dl4= 


15= 


68.5128 




dl5= 


16= 


5. 6774 




dl6= 


17= 


7. 8453 




di7= 


18= 


-12. 6010 




dl8= 


19= 


-6. 0465 




dl9= 


20= 


-17. 9513 




d20= 


21= 


-17. 2238 




d21= 


22= 


-9. 8048 




d22= 


23= 


oo 




d23= 


24= 


oo 




d24= 



ST T E 

7.84455 13.21508 

3.6612 5.0650 

41.2 24.8 

5.59391 1.24849 

9.70509 10.04403 

1.28696 8.72623 



0.7823 ndl =1.80400 vdl =46.57 
1.1905 

3. 8000 n d2 =1 • 80400 v d2 =46. 57 

3. 4483 n d3 =1 . 80400 v d3 =46. 57 
0. 4000 

0. 7742 n d4 =1 « 77250 v d4 =49. 60 
0. 6369 

1.6810 nd5 =1.84666 vd5 =23.78 

(pJ£) 

0. 5000 

1.5117 nd6 =1.58913 vd6 =61.26 
(pj£) 

2. 9473 n d7 =1 • 48749 v d7 =70. 23 
0.1500 

3. 4582 n d8 =1 ■ 84666 v d8 =23. 78 
2.1376 

2.3148 nd9 =1.60542 vd9 =45.99 
0. 5441 

0.7255 nd10=l- 61800 vd10=63. 33 
(Rj£) 

1.4117 nd11=1. 58913 Vd11=61.26 
0. 5599 

0.8000 nd12=1- 51633 i/d12=64. 14 

1.8000 ndl 3=1. 54771 vd13=62.84 



(12) 



t$^2 0 0 3-43 3 54 



oo 



[0 10 5] 



oo 



oo 



oo 



r25= 
r 26= 
r27= 
r 28= 

K = 1.5876 
A4 = 2.6616 X 
A6 = 3. 3939 X 
As =-1 . 0023 X 
Aio= 0 
Sgl 3® 
K = 0 

A4 =-2. 7230 X 
A6 =-5. 7432 x 
As =-3. 4301 X 
A 10= 0 
^2 1 ® 
K = 0 
A4 =-8. 9975 
A6 =-1.8358 
As = 1.4143 
Aio= 0 
X-Ut~* (oo) 

f (mm) 
FN0 

2oj (° ) 

d9 
di2 

d20 

satin 4 



d25 : 
d26 : 
d27 : 



0. 5000 

0.5000 n<J14=1. 51633 i/d14=64. 14 
1.3641 



10-4 
10-6 
10-7 



10-4 
10-6 
10-7 



X 
X 
X 



10-4 
10-5 
10-6 



WE 

4. 60758 
2. 8000 
65.3 

14. 75212 
0. 67500 
1.35767 



ST 

7. 85021 
3. 4489 
39.0 
6. 67783 
4. 26744 
6. 03580 



T E 

13.40785 
4. 6187 

22.9 
2. 00000 
1.54139 

13. 51290 



1 = 


29.0184 


di = 


0. 7437 


ndl 




1.80400 


Vd1 


=46. 57 


2 = 


7. 3275 


d2 = 


1. 3049 






1.80400 




=46. 57 


3 = 


oo 


d 3 = 




nd2 




vd2 


4 = 


oo (EltEH) 


d 4 = 


3.5133 


nd3 




1.80400 


vd3 


=46. 57 


5 = 


oo 


d 5 = 


0. 3000 












6 = 


-31.2038 


d 6 = 


0. 7673 


nd4 




1.80400 


vd4 


=46. 57 


7 = 


15. 2085 


d 7 = 


1.5760 












8 = 


33.18I8 &mm) 


d 8 = 


1.5628 


nd5 




1.84666 


^d5 


=23. 78 


9 = 


-29. 4113 


d 9 = 


<Rj«) 












10= 


oo GRij) 


dl0= 


0. 5000 












11= 


20.3172 &mm) 


dll= 


1.9876 


nd6 




1.58913 


vd6 


=61.26 


12= 


-14. 3558 


dl2= 


0.1387 












13= 


7. 0863 


dl3= 


2. 5021 


nd7 




1.48749 


vd7 


=70. 23 


14= 


-521.1337 


dl4= 


0. 0001 












15= 


217. 6721 


dl5= 


5. 9501 


nd8 




1.84666 


vd8 


=23. 78 


16= 


4. 5340 


dl6= 


(pJ£) 












17= 


10. 1062 


di7= 


1.8686 


nd9 




1.60300 


vd9 


=65.44 



(13) 
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[0 106] 



46. 5940 

22.5387 &mm) 
-5. 8538 



oo 



oo 



oo 



oo 



oo 



oo 



r 18= 
r 19= 
r 20= 
r 21= 
r 22= 
r 23= 
r 24= 
r25= 
r 27= 

K = 1.9221 
M = 1.0674 X10-4 
A6 = 7.5509 XI 0-7 
As =-6.9692 XI 0-8 

AlO= 0 
Sgl Iffi 
K = 0 

A4 =-1.4582 X10-4 

A6 = 4.2034 X10-8 

As = 1.1204 X10-8 
Al0= 0 

SI 9m 

K = 0 

A4 =-1.8514 X10-3 
A6 = 6.5803 X10-6 
As =-9.0686 X10-7 
A io= 0 
X-Ut-* ( 



) 



f (mm) 

FN0 

2w(° 

d 9 

dl6 

dl8 



) 



WE 
4. 65117 
2. 5000 

68.4 

13. 35295 
1. 22323 
0. 94992 



dl8 : 
di9= 
d20 : 
d21= 
d22 = 
d23 : 
d24 : 
d25 : 



2. 3721 
0. 4297 
0. 8000 
0. 8000 
0. 5000 
0. 5000 
1.3824 



ST 

7. 85007 
3. 4944 
41.7 
7. 17214 
4. 89168 
3. 89804 



nd10=1- 58913 i/d10=61.26 

nd11=1- 51633 vd11=64- 14 

nd12=l. 54771 i/d 12=62. 84 

nd13=L 51633 v/d13=64. 14 



T E 
13. 29161 

4. 8337 
24.7 

2. 00000 

2.01917 
12. 56077 





15 














r 1 = 


15.9959 


dl = 


2. 0000 


ndl 


=1.84666 


vdl 


=23. 78 


r 2 = 


17.9366 &mm) 


d 2 = 


0. 8000 










r 3 = 


122. 3665 


d 3 = 


1.0000 


nd2 


=1.72916 


Vd2 


=54. 68 


r 4 = 


6.1500 


d 4 = 


1.9000 




=1.56883 




=56. 36 


r 5 = 


oo 


d 5 = 




nd3 




r 6 = 


oo (SltfiB) 


d 6 = 


3. 9000 


nd4 


=1. 56883 


vd4 


=56. 36 


r7 = 


oo 


d 7 = 


(Rj£) 










r 8 = 


oo 


d 8 = 


0. 5928 










r 9 = 


14.1418 


d 9 = 


3. 0000 


nd5 


=1.80610 


vd5 


=40. 92 


r 10= 


-138.1914 


dl0= 


(rJ£) 










r 11= 


9. 2691 


d 11= 


3. 2000 


nd6 


=1.48749 


vd6 


=70. 23 


r 12= 


-18. 4588 


dl2= 


1.0064 


nd7 


=1.84666 


vd7 


=23. 78 



(14) 



$$^2 0 0 3-4 3 3 54 



r 13= 


7. 4386 




d 13= 


r 14= 


9.1725 




d 14= 


r 15= 


-16.4170 




d 15= 


r 16= 


44.6119 




d 16= 


r 17= 


8. 9511 




d 17= 


r 18= 


11.2550 




o lo 


r 19= 


673. 2282 


(Ml*®) 


di9= 


r 20= 


oo 




d20= 


r 21= 


oo 




d21= 


r22= 


oo 




d22= 


r23= 


oo 




d23= 


r 24= 


oo 




d24= 


r 25= 




5) 















k - n 




M4 — 4. IO_>D 




M6 ~ ^"43 


v in— 7 


An — n 
Ag - U 




a 1 1\ — n 




Q Hfi 




l\ — j. iDiU 




A* — _") A1At\ 
A4 — 4. 


v in— 4 


A6 — /. 4o/Z 


v in— 6 


Art — *) fHH 

A3 - U.) l> 


v in— 7 


Aio= _ 1. 0188 


1 A— ft 

X10 0 


Ig1 7B 




K =-3.7152 




A4 = 1.2209 


X10-3 


A6 =-1.7576 


X10-5 


As = 2. 5810 


X10-6 


Aio=-1.2193 


X10-7 


Ml 91 




K = 1.4583 




A4 =-1.5578 


X10-4 


A6 =-1.1072 


X10-5 


As = 5.6481 


X10-7 


Aio=-8. 6742 


XI 0"9 




0 




WE 


f (mm) 


5. 43000 


FNO 


2. 7116 


2cu C ) 


63.5 


d 7 


13. 12435 


dlO 


0. 81880 


dl5 


0. 60000 


dl7 


1.40000 


dl9 


2.71758 



HS6#J6 



0. 5000 

2.4000 nd8 =1-80518 \/d8 =25.42 

fflHE) 

0. 8000 n d9 =1 . 84666 v/ d9 =23. 78 
05HD 

2.6000 nd10=1. 58913 v/d10=61.26 
(TO) 

1.5000 nd11=1. 51633 i/dii=64.14 

1.4400 nd12=1. 54771 vd12=62.84 
0. 8000 

0.8000 nd13=1. 51633 v/d13=64. 14 
1.0000 



ST 


T E 


10.61200 


15. 80000 


3. 7726 


4. 5293 


35.7 


24.5 


4. 47821 


0. 50000 


1.71785 


0. 50000 


2. 00387 


4. 09707 


8. 20925 


11.93740 


2. 25155 


1.62627 



(15) 



ftffl2 003-4 3354 



1 = 

1 


49. 3427 


di = 


2. 0000 


n hi 

'Ul 


=1.84666 


V H1 


=23. 78 




-1 1 5. 4656 


d? = 


0. 4000 










J = 


-52.5304 


d3 = 


1.0000 




=1.69350 


V H2 


=53. 21 


A - 
H 


5. 8428 


d4 = 


1.8000 










q = 


OO 


ds = 


4. 0000 


n H3 


=1. 56883 




=56. 36 


O 


oo (gMl) 


d6 = 


3. 8000 


n H4 


=1. 56883 




=56. 36 


7 = 


OO 


d7 = 


(rJ3E) 










Q = 
O 


oo OKU) 


« o 


0. 6000 










Q = 


8.0295 


do = 


2. 8000 


nd5 


=1.69350 


vd5 


=53. 21 


10= 


-5.9145 


d in= 


0. 8000 


nd6 


=1.80440 


vd6 


=39. 59 


11 = 


-12. 3640 


d 11= 


(rJ^) 










12 




o 1/- 


0 8000 


n<J7 


=1.84666 


vd7 


=23. 78 


13= 


7.1849 


dl3= 


OME) 










14= 


10. 7803 


dl4= 


3. 1000 


n<J8 


=1.48749 


vd8 


=70. 23 


15= 


-52. 9481 


dl5= 


CrT» 










16= 


oo 


d!6= 


1.5000 


nd9 


=1.51633 


vd9 


=64. 14 


17= 


oo 


dl7= 


1.4400 


nd10=1- 54771 


vd10=62.84 


18= 


oo 


dl8= 


0. 8000 










19= 


oo 


dl9= 


0. 8000 


nd11 


=1.51633 


v/d11=64- 14 


20= 


oo 


d20= 


1.0000 











21= oo (®jg) 







K = 0 




A4 = 2. 6048 


XI 0"4 


A6 =-3. 2365 


X10"6 


As = 2. 2913 


X10-8 


A i(p 0 




M9m 




K = 0 




M =-3.0615 


XI 0-4 


A6 =-2. 0330 


X10-6 


As =-1.0403 


XI 0-7 


A 10= 0 




Igl 3S 




K =-3.5241 




M = 1.8328 


XI 0-3 


A6 =-1.6164 


XI 0"5 


As = 3. 5495 


X10-6 


Aio=-1.2410 


XI 0-7 



(oo) 





WE 


ST 


T E 


f (mm) 


5. 38001 


8. 50001 


13. 45001 


FNO 


3. 0358 


3. 8702 


4. 5606 


2a> (° ) 


65.8 


43.8 


28.4 


d 7 


11.53527 


6. 15290 


0. 50000 


d 11 


2. 10162 


2. 49863 


3. 68430 


dl3 


3. 96820 


9. 09478 


10. 56416 


dl5 


1. 75491 


1.61369 


4.61155 



[0 10 8] 



(16) 



HBS2003-43 3 5 4 



TV. /J 13 1/ J * 






r i = 


21.0760 


di = 


r i = 


7.9352 


d? = 




oo 


d* = 


r a = 




d4 = 


r c = 


OO 




X A = 


-18. 8610 


d6 = 


r 7 = 


29. 7460 


d7 = 


r o = 
1 o 


25. 1850 


dft = 


r o = - 


121.8149 


do = 




°o or to 


d m= 




11.8772 (lESciB) 


d 11= 


r 19= 


-22. 2117 


d i?= 


r n= 
1 13 


8 0295 


d 1 q= 


1 I** 


-16 2855 


d 14= 


r k= 
■ i j 


-52. 6732 


d 1 s= 


r ifi= 


7. 3242 


d 16= 


r 17= 


4. 4772 


d 17= 


r ir= 


17. 2769 


d ift= 


r 10= 


6 2199 


d io= 

vi 


r oa= 
r ZU 


9 0812 


d 7fl= 


r 21= 


19.8406 


a 21~ 


r 22= 


-34.2139 (^3cBB) 


d22= 


r 23= 


-9. 7728 


d23= 


r24= 


oo 


d25= 


r25= 


oo 


d26= 


r26= 


oo 


d27= 


r 27= 


oo 


d28= 


r28= 











S2S 




K = 0 




A4 =-9.3483 


X10-5 


A6 = 1.4787 


XI O- 7 


As =-4. 5620 


XI 0"8 


Al0= 0 




f£i i m 




K = 0 




A4 =-2.6863 


X10"4 


A6 =-1.0879 


X10~ 7 


As = 3.8711 


XI 0" Q 


Al0= 0 




Sg2 2S 




K = 0 




A4 =-4.8081 


X10-4 


A6 = 5.9535 


XI o-6 


As =-1.6767 


X10-7 


Aio= 0 





X-UT-Z (oo) 

WE 



1.4000 nd1 =1.74320 vdl =49.34 
2. 8000 

6. 5000 n d2 =1- 56883 v d2 =56. 36 

6.0000 nd3 =1.56883 v/ d3 =56.36 
0. 8000 

0. 8000 n d4 =1. 72916 v d4 =54. 68 

0. 5273 

1. 9000 n d5 =1. 84666 v d5 =23. 78 
(Rj£) 

0. 8000 

1 . 9992 n d6 =1 • 49700 v d6 =81 . 54 
0. 3000 

1 . 9997 n d7 =1 . 48749 v d7 =70. 23 

0. 7997 n d8 =1- 64769 v d8 =33. 79 
0. 3000 

1 . 3308 n d9 =1 • 84666 v d9 =23. 78 
1.2000 

1.1317 nd10=1- 80610 i/d10=40.92 

2.0000 ndl 1=1. 61800 vd11=63. 33 

2.0000 nd12=L 58313 vd12=59.38 
1.0032 

1.4400 nd13=L 54771 i/d13=&2.84 
0. 8000 

0.8000 nd14=L 51633 vd14=64. 14 
1.0003 



(17) 



^2 003-43354 



[0 10 9] 



f (mm) 

FNO 

2oj (° 

d 9 

di9 

d21 



5. 80000 
2. 6880 

60.8 

14. 10553 
1.54225 
2. 32790 



mi® 

K = 0 

M = 5.1308 X10-5 

A6 = 2.3428 X10"7 

As =-3.7916 X10~9 

Aio= 7.2819 X 10-H 

mi 1 m 

K = 0 

A4 =-1.6960 X10-4 

A6 =-1.0587 X10-6 

As = 5.6885 X10~8 

Aio="2.0816 X 10-10 
^1 9H 
K = 0 

M = 2.9238 X10"4 

A6 =-1.4179 X10-5 

Aa = 6.7945 X10-7 



9. 17005 
3. 4974 
40.1 
7. 78994 
5. 16705 
5. 01801 











r 1 = 


16 1825 (^ScE) 




1 4000 

1 • ~ vw 




7 3872 


d? = 


3 5000 




oo 




6 5000 

\J m <J WVS 


r a — 
1 *t 


oo (St+S) 


dd = 


6 0000 


r 5 = 


oo 


d 5 = 


0. 7950 


1 0 


-27 1461 


dfi = 


0 8000 


r 7 = 


20 2982 


d7 = 


0 5273 


r q = 


17 2255 


da = 

U o 


1 9000 

1 . ✓ V w 




90 2451 


do = 


(pT3£) 


r 10= 


oo («y) 


Q10- 


U. oUUU 


r 11= 


17.0416 (*3*ffi) 


d 11= 


1.9965 


r 12= 


-13. 7245 


di2= 


0. 5000 


r 13= 


5. 5039 


dl3= 


3. 7857 


r 14= 


-38. 8943 


di4= 


0. 8000 


r 15= 


4. 2611 


dis= 




r 16= 


16. 8715 


dl6= 


2. 0000 


r 17= 


96. 4706 


dl7= 


(pJ*) 


r 18= 


-60. 1937 


dl8= 


2. 0000 


r 19= 


-n.5463 (imm) 


di9= 


1.0039 


r 20= 


oo 


d20= 
d21= 


1.4400 


r 21= 


oo 


0. 8000 


r22= 


oo 


d22= 


0. 8000 


r23= 


oo 


d23= 


1.0021 


r 24= 


oo (®H) 













14. 49992 
4. 5402 

25.4 
2. 48873 
2. 56297 

12. 92472 



ndl =1.80610 vd1 =40.92 

r»d2 =1.60311 i/d2 =60.64 
nd3 =1.60311 vd3 =60.64 

r»d4 =1.72916 vd4 =54.68 

nd5 =1.84666 t/d5 =23.78 



nd6 =1.56384 vd6 =60.67 

nd7 =1.48749 vtf =70.23 
nd8 =1.69895 vd8 =30.13 

nd9 =1.48749 vd9 =70.23 

n d10=L 56384 v d10=60. 67 

nd1 1=1. 54771 v/d11=62.84 

nd12=L 51633 v/d 12=64. 14 



(18) 



ft m 2003-43354 



Aio=-1.6439 X10-8 

(oo) 



[0 110] 



f (mm) 

fno 

2oj (° 
d 9 
dl5 
dl7 



WE 
5. 80001 

2. 6926 
61.1 

14. 09978 
2. 47558 

3. 07729 



ST 

9. 17026 
3. 5230 
40.1 
8. 00554 
7. 50212 
4. 13993 



TE 

14. 49938 
4. 5194 

25.7 
2. 48873 
3. 2441 1 

13. 92316 



1 — 

\ 


21.2658 




di = 


1 0000 


nm =1 74100 


i/ hi =52 64 


Z 


8. 6245 




u z 


3 3711 








oo 






5 8400 


r»H7 =1 80400 

1 1 \J£ w. w 


i/ h? =46 57 


4 


oo (SMS) 


A A = 


5 4952 


nni =1 80400 


Vrn =46 57 


C — 


oo 






0 3221 






D 


300. 0000 






1 0000 


n AA =1 74320 


i/ Hii =49 34 


7 = 


15. 3314 




d7 = 


0. 5979 






8 - 


15.8974 




a 8 - 




rue -1 


V (J5 — ZO. /O 


9 = 


43. 0822 




d 9 = 








10= 


oo GRy) 


dl0= 


0. 6000 






11 = 


63. 9771 




d 11= 


1.3913 


n<J6 =1.61800 


v/ d6 =63. 33 


12= 


-23. 2380 




dl2= 








13= 


7. 9674 




di3= 


2. 3478 


nd7 =1.48749 


v/ d7 =70. 23 


14= 


-68. 3182 




di4= 


0. 1000 






15= 


24. 3652 




di5= 


3. 3012 


nd8 =1.84666 


v d8 =23. 78 


16= 


7. 7880 




dl6= 


0. 2484 






17= 


9. 2912 




di7= 


2.1349 


r»d9 =1.72916 


\/d9 =54.68 


18= 


-19. 4929 




dl8= 


0. 7000 


nd10=1- 53172 


vd10=48-84 


19= 


5. 2999 




di9= 








20= 


-22. 5496 




d20= 


2. 5068 


ndl1=1. 58913 


v/d11=61.14 


21= 


-6. 5395 




d21= 


1.0000 






22= 


oo 




d22= 


1.5000 


nd12=L 51633 


vd12=64. 14 


23= 


oo 




d23= 


1.4400 


nd13=L 54771 


v/d 13=62, 84 


24= 


oo 




d24= 


0. 8000 






25= 


oo 




d25= 


0. 8000 


nd14=1. 51633 


Vd14=64. 14 


26= 


oo 




d26= 


1.0894 






27= 


oo a&i 


5) 











S7S 




K = 0 




A4 =-6.9423 


X10-5 


A6 = 1.9216 


X10-7 


As =-2. 3395 


X10-8 


Aio= 0 




Sgl 3S 




K = 0 




A4 =-2. 1881 


XI 0-4 


A6 =-2.0288 


X10-6 


As = 7. 6472 


X 10-10 



(19) 



&BB 2003-43354 



[0111] 



A10= 0 
Jg20E 

K = 0 

A4 =-1.0095 X10-3 

A6 = 3.4022 XI 0-8 

As =-1.7165 X10-7 
A 10" 0 
X—Lkt—$ (°°) 



f (mm) 

fno 

2wP) 

d 9 

di2 

dig 

XSfcffll 1 0 



WE 

5. 52179 
2. 4770 

64.5 

17. 73448 
1.20000 
2. 60300 



1 = 

2 = 

3 = 

4 = 

5 = 

6 = 

7 = 

8 = 

9 = 
10= 
11= 
12= 
13= 
14= 



24. 8917 
8. 0792 



oo 



oo 



oo 



300. 0000 

14.5213 &mm) 

14. 5896 
64. 9869 

33. 4595 
-11.1499 
-20. 0542 
10.2987 (#3»ffl) 
15= 18890.0000 
16= 19.8062 
9. 7836 
11.2175 
-51.5183 
5. 5430 
-23.0137 (#3*B) 
-7. 0933 



17= 
18= 
19= 
20= 
21= 
22= 
23= 
24= 
25= 
26= 
27= 



oo 



oo 



oo 



oo 



oo 



oo 



28= 
K = 0 

M =-8.0580 X10-5 

A6 = 7.6927 X10"7 



di = 

d2 = 
d 3 = 
d 4 = 
d 5 = 
d6 = 
d7 = 
d 8 = 
d 9 = 
dl0= 
d!l= 
d!2= 
dl3= 
d!4= 
di5= 

dl6= 
dl7= 
dl8= 
dl9= 
d20= 
d21= 
d22= 
d23= 
d24= 
dl5= 
dl6= 
di7= 



ST 

7. 96811 
2. 9873 

44.7 

10. 81643 
3. 80000 
5. 58623 



1.0000 
2. 3760 
5. 2400 
5. 0006 
0. 2922 
1.0000 
0. 1000 
1.7517 

(pJS) 
0. 6000 
1.8985 
0. 7000 

(PT«) 
2. 0299 

0. 1000 

4. 5045 

0. 2000 

1.7598 

0. 7000 

(RT«) 

1. 9685 

1. 0000 
1. 5000 
1.4400 
0. 8000 
0. 8000 
1.0106 



T E 

15. 98093 
4. 5000 

22.7 
2. 00000 
3. 50000 

15.86209 



ndl =1.74100 vdl =52.64 



nd2 = 
nd3 = 

nd4 = 

nd5 = 



nd6 = 
nd7 = 

nd8 = 

nd9 = 

nd10= 
nd11= 

nd12= 

ndl 3= 
nd14= 



. 80400 v d2 =46. 57 

. 80400 v d3 =46. 57 

. 74320 v d4 =49. 34 

. 84666 v d5 =23. 78 



.61800 i/d6 =63.33 

.80518 vd7 =25.42 

. 48749 v d8 =70. 23 

. 84666 v d9 =23. 78 

.72916 v/d 10=54. 68 

.53172 v/d11=48.84 

.58913 vdl2=61.14 

.51633 v/d13=64.14 

.54771 \/d14=62.84 



nd!5=1* 51633 v/d 15=64. 14 



(20) 



2003-43354 



[0 112] 



As = 
A 10= 

sn 

K = 

A4 = 
A6 = 
As = 

AlO= 

m2 

K = 

M = 
A6 = 
As = 

A10= 
f (mm) 

fno 

2cj (° 

d9 

dl3 

d20 



-2.7173 XI 0-8 
0 

4® 

0 

-1.1033 X10-4 

-1.4285 X10-8 

-1.8629 X10-8 
0 

i m 

0 

-8.5891 XI 0-4 

1.0215 X10-5 

-3.2143 X10-7 
0 

(oo) 



WE 
5. 86879 
2. 4340 

61.4 

17. 88781 
1. 20000 
3.14136 



ST 

9. 99877 
3. 2140 
35.8 
8. 41716 
6. 81663 
7. 01231 



TE 

17. 39648 
4. 5000 

21.0 
2. 00000 
3. 50000 

16.74709 



1 1 



1 = 


41.9739 


dl = 


1.2000 


nd1 =1.77250 


v/ dl =49.60 


2 = 


11.1642 


d2 = 


2. 9000 




. 78590 


v d2 =44. 20 


3 = 


oo 


d 3 = 


6. 5000 


nd2 =1 


4 = 




d 4 = 


6. 0000 


nd3 =1 


1.78590 


v d3 =44. 20 


5 = 


oo 


d 5 = 


0. 3971 








6 = 


28. 0000 


d6 = 


1.2000 


nd4 =1 


1.74330 


v d4 =49. 33 


7 = 


n.3578 gmm) 


d 7 = 


0. 3457 








8 = 


9. 4845 


d 8 = 


1.7925 


nd5 =1 


1.84666 


v d5 =23. 78 


9 = 


14. 2959 


d 9 = 


(Rl*) 








10= 


oo GttU) 


dl0= 


1.0000 








11= 


47. 8757 


d n= 


1.9600 


nd6 ~ 


1.72916 


v d6 =54. 68 


12= 


-9. 0806 


di2= 


0. 7000 


nd7 =' 


1.72825 


v/d7 =28.46 


13= 


-25. 4395 


dl3= 


(Rl£) 








14= 


9.1761 &mm) 


di4= 


1.9500 


nd8 ~ 


1.74330 


v d8 =49. 33 


15= 


75. 3616 


dl5= 


0. 8461 








16= 


24. 3002 


dl6= 


3. 8969 


nd9 =' 


1.74330 


v d9 =49. 33 


17= 


oo 


dl7= 


1.0000 


ndlO- 


1.72825 


v d10=28. 46 


18= 


4. 8249 


dl8= 


(RT«) 








19= 


49. 5382 


dl9= 


2. 7500 


nd11=' 


1.69350 


v/d11=53. 20 


20= 


-10.0407 


d20= 


0. 8269 








21= 


oo 


d21= 


1.4400 


nd12=* 


1.54771 


v d12=62. 84 


22= 


oo 


d22= 


0. 8000 








23= 


oo 


d23= 


0. 8000 


nd13- 


1.51633 


vd13=64. 14 


24= 


oo 


d24= 


1.0447 








25= 


oo (^®) 













(21) 



15Bfl2 0 0 3-4 3 3 54 



m7® 

K = 0 

A4 = 2.2504 X10-5 

A6 = 2.6875 X10"6 

As =-1.2962 X10-7 

Aio= 2.8718 X10-9 

K = 0 

A4 =-9.8664 X10~5 

A6 = 4.0400 X10-6 

As =-4.4986 X10~7 

Aio= 1.3851 X10-8 
M2 OS 
K = 0 

A4 = 5.3089 X10-4 

A6 =-1.6198 X10-5 

As = 4.4581 X10-7 

Aio=-4.9080 XI 0-9 

(oo) 





WE 


ST 


T E 


f (mm) 


6. 02622 


9. 31725 


14. 28897 


fno 


2. 7652 


3. 4888 


4. 5271 


2u> (° ) 


62.4 


42.8 


28.7 


d 9 


14. 24100 


6. 97804 


2. 00694 


dl3 


2. 10000 


6. 51339 


5.34809 


di8 


2. 46549 


5. 31403 


11.45279 



[0 113] 

*S6#J1 2 



1 = 


-14.2761 {$mm) 


d1 = 


5. 1000 


nd1 


=1.50913 


\/d1 =56.20 


2 = 


oo (SUfg) 


d2 = 


5. 7941 


nd2 


=1.50913 


Vd2 =56.20 


3 = 


oo 


d 3 = 


2. 1000 








4 = 


-6. 4892 


d 4 = 


0. 8000 


n<J3 


=1.64000 


i/d3 =60.07 


5 = 


-84. 1654 


d5 = 


1.1935 


nd4 


=1.84666 


v d4 =23. 78 


6 = 


-16. 8306 


d 6 = 


(TO) 








7 = 


oo (»y) 


d 7 = 


0. 4000 








8 = 


34.9225 &mm) 


d 8 = 


1.4006 


nd5 


=1.74330 


v d5 =49. 33 


9 = 


-15. 2934 


d 9 = 


0.1500 








10= 


6.1210 


dl0= 


3. 3481 


nd6 


=1.61800 


v d6 =63. 33 


11= 


27. 4556 


d 11= 


0. 8000 


nd7 


=1.84666 


vd7 =23.78 


12= 


4. 9467 


di2= 


(TO) 








13= 


13. 6380 


dl3= 


1.4415 


nd8 


=1.51633 


Vd8 =64. 14 


14= 


-143. 7586 


dl4= 


(TO) 








15= 


-19. 5436 


dl5= 


1.3641 


nd9 


=1.58913 


\/d9 =61.25 


16= 


-7.1346 &mm) 


dl6= 


0. 8000 








17= 


oo 


dl7= 


1.0500 


ndIC 


>=1. 54771 


Vd10=62. 84 


18= 


oo 


dl8= 


0. 8000 








19= 


oo 


di9= 


0. 8000 


ndll 


=1.51633 


vd11=64. 14 


20= 


oo 


d20= 


0. 9669 








21= 


oo (^®) 













(22) 



003-4 3354 



1 

K = 0 

A4 = 3.2165 X10-4 

A6 =-9. 1756 X10-7 

Ag = 4.1788 X10-9 
Aio= 0. 0000 

K = 0 

A4 =-1.2083 X10-4 
A6 = 1.1516 X10-7 
As =-2.9381 X10-8 
Aio= 0. 0000 
SI 61 
K = 0 

M = 1.3137 X10-3 
A6 =-2.0878 X10-5 
As = 4.9397 X10-7 

Aio= 0. 0000 

(oo) 

f (mm) 
FNO 

2w(°) 

d6 
di2 
di4 

10 114) vL±.<Dnmm 1 , 
owmmz^n^tim 1 3 S hi 4 ic^-To ctie^JH 
seic*5^t> (a) itfcnm. (b) w^Raim 

(c) iiM&mic&ttZJsmtBims a. ?mmk&as* 



WE 


ST 


T E 


5. 02898 


8. 69474 


14. 52092 


2. 6544 


3. 5217 


4. 5079 


64.8 


38.2 


22.6 


14. 61860 


7. 39251 


1.80000 


3. 75585 


8. 20107 


4. 39975 


3. 16733 


5. 96897 


15. 38987 



1 20ftKMM[dfttt 



[0 115] 3Wc, ±IB**S6«lc*5^**fr (a) - 
(f) lC«fe*U d/U DFT/fT M3 /M2 f 
11/ f 12 0Rt> t LPF <Dffl*snTo 
[0 116] 



[0 117] 





mm 


L 


d/L 


DFT/fT 


M3 /M2 


f 11/ f 12 




i 


5.6 


0. 72088 


0. 78471 


1.19347 


-0. 12343 




2 


6.0 


0. 79009 


0. 76004 


0. 53348 


-0. 32094 




3 


5.6 


0. 71748 


0.11496 


0. 93206 


0. 36284 




4 


6.0 


0. 69413 


0. 15191 


0. 92989 


0. 20195 




5 


6.64 


0. 76797 


0. 25931 




0 




6 


6. 64 


0. 74877 


0. 27393 




0 




7 


6.64 


1. 19996 


0. 17676 


0.91213 


0. 37232 




8 


6.64 


1. 17430 


0. 22374 


0. 93381 


0. 39484 




9 


6.64 


0. 94629 


0. 21901 


0. 85382 


0. 22917 


1 


0 


6.64 


0. 85491 


0. 20119 


0. 85523 


0. 05553 


1 


1 


6.64 


0. 94867 


0. 37452 


0. 73366 


0. 09671 


1 


2 


6.0 


1.20313 


0. 30301 


0. 95350 


1. 26698 

< 






Put 


a 


t LPF 








1 


-1.6884 


3.0 


1.80 








2 


-1. 19598 


3.0 


1.80 








3 


-1.49396 


3.0 


1.80 
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A 
H 


-1 9ARQ/1 
1 . ZOOOH 


3 n 

J. V 


v. OKI 


5 


-1.51672 


3.0 


1.55 


6 


-1.38530 


3.0 


1.44 


7 


-1.26560 


3.0 


1.44 


8 


-1.30121 


3.0 


1.44 


9 


-1.05735 


3.0 


1.44 


1 0 


-1. 14882 


3.0 


1.44 


1 1 


-0. 86588 


3.0 


1.44 


1 1 


-1.36309 


2.5 


1.20 



[0118] *ic s *mwv>ytmfTVMfx-kK¥% ! 
(D : ^mi5^o>m^-o^xmmt^>o ei si*. &»mz 

09£OJtSS»fyft»fX-A3t^ (HB60IJ9) iCjgfflL 
El 5 (b) »§t)56^J9(D3f6K*/fy*tfX 
-Aft^tfjsassicfcSttfg (09 (c) ) <D9tmn 
y ffilf ftfifc^t? Bfi® ET& U , iKDtfJtglcis^T, H 
1 -2S¥G1 -2£JR2ttG2<Dm4>3>M(C« 3I2S¥G 
2£D2«J<DUVX<hm 1 - 1 S¥G 1 - 1 <DftS&1ft'>Jmf 
yjXhP^m^it. ffiffcffllMfcJIII - 1 SfG 1 - 

1 oKmnvmfyvxup ^jmon^-xtsxuy 

LTVSo s^s^^y®® mic^FiStfifc* 
li^tctt. jt»#f y tttf xu xu p i - 2 s*g 1 - 

•e^J^lcLTtJaN, 

[0 1 19] E1 6li, JttB#ryfttffli©S**«**? 
£ 5 5 - M TttfiE L/c*l£<D 1 oOStBHT? xtCDlUJScET 5 

M J: y t,<£E H9JC7?L/>XL2> L3 t>fi£$l<Df&BlCfy 
LT\ d0^SS*/TyffltfX-/*^^(CAWT5Jt*(6^ 
IrI (*^5<DJI^^[p1) ©/f*^»<-r* e fe^(cLT 

7-M«t:yt>iMMia)u>xwLG«ttintr«T, rmx 

JCJ»**»< LTV*. &*>\ 5^-M£ffi|-r<DT*l*fc 
<s El 5 0>J:3i:u tfytttf&QWMKTBoTiBBS 
-t±*<fc7lcLT i fc«J:iA> 
[0 1 2 1 ] El 8«, 3tt»»fytt»fffl<OSI*3tt^«? 

*»#xy xuttwzwmws.-?*) xu l p t«wi 
l (His (a) ), **wfc>«**tt<«LTBii 8 

tc&mzyi) xul p «fc y «bw«Bi<o u vxw*jiupi* 

1±Sfty (El 7) » M<DI'>X%:®-?13:V (El 6) 
[0 12 2] $fc> 4:9MK>3ttMfryttlfX-I^MR 

icfci^T, w^yAifHosatft^a^rattQixs 

Rraifc 7 -i IV A IC J50it 5 7 - =l - t- << > 7"=&ffll L fcK W 



S7-wy, #r y ■frfe*i*i*«4NR y it «t o rasa 

[0 12 3] M6IMfy«»fffl©SW3tt^Jl6?*m 

«pj^55-7«-r5«^ic rattRia57-**ra 

?tfT^^£J:?lcT*C<t*»W^Ta&*<, El 9 
lc^<D«^E*/Xx-To j&EBOttltli:** LT0>£a& 

/tx^eptvtx Lfc<fc7 iccaffiics^.5 c «h it <t y x 

SI^OISIC, JBttRj*5 7-DM©BBIBtt*S*tlB<0 
*J»BrtTIWiB»tttr*. Wc» EttlMC/t?-* 
»fc«rc«ds @IE»*3:EltHBBttT»*£» ^ros 
3*ffilui&i>LTA3fr*C <tlc«»:*ffi'£>iRSfl ? »^-r 
•So JBttRra5 7-DM<0BBfBtt*|HWE#» 

[0 1 2 4] 3=fc> f&&ic<^j|ftttic*jc>TE«#*rs; 

ffi»J>iR^*»iErSfc»lC, 7- 

tt*, E2 OlC^r^dlC. flJttpJ^S^-DMOKM 

fcEJ*W;5:fflffllcSJg-r * C t # a* Ll\ 
[0 12 5] E1 9©«W!©«$ % rattRra3 7-DM 

iciiv E2 oic^-rjc-pic, M^®* i mwfrtTzm 
*y» «?a«Kii*<W)'J«!fti:tt*a)iBtfl 5 Jt«i!r 

[0 12 6] E2 11*. H5«bJS5 7-DM<DRW®^ 
^EP^IpIIc:^;!/ Y-TZCt.lc&.y ^ ^"USiESff ofcffil 
TS^o El 9(D«lgTl**XU^ec UTCftf»& 
T»y» E2 1 l*«5«pISS7-DMCDJ5l>t®^^/l/h 

LTlHSigMJbW 1 ©.fe^lcT^fRl^/cl^lclis Elc 
m-T«»:-5lCx mttpTS =7-DM CDS Wffi^ll^ 

ic^oTl^o ; 5-(DPgllciRS<0Sll!) : £JJli^.«<J:'5lc > m 
[0 12 7] *#893<07fc8S#fyffilfffl©E«y£5a 



(24) 



&m 2003-43354 



»*a?7<<9?W¥)IE? (HOE) THIrtLT'faJ: 

[0 12 8] ^OEWft^^flfilifll 1 ~ 1 2 

5 KftSgJ/f y ffllf X'J XA P TSIfiR-r ^H^lCx * 

ojtiwf y ft if x y xa p (Dffimcmwztiz u vx<t 

X y X A P * «fe -5 lc«|fiE LT t cfc l\ 

[0 12 9] <hd57\ ^^(DJ'dSSWyfltfX-^ 

igftS&£ 7 7-f> 5T- JtK(c»|iJ-r 5 J: -5 (c L T J: 
l\ %(Z>ffl%:m2 2iC7jk? e 02 2W\ t^/I/** 1 ? 
4 0©iE®EIT^y. d<Dlg-&<D^K*/fyfttfX-/x^ 
^9 0° ^S^iffyffltfSSW^^MI 
®EffliJK83g73:ftTl^ U>XS¥ L A 6& V . 
lC»^?(DCCD4 9^iBS*nT^^), -5-LTs U 
> X8¥ L A <t C C D 4 9 <Dffl ICJ \— 7 5 =y —<0 £ => tg.% 

ss»i'j^?M 2 !bws* tiTfc y , mMftsm^M 1 t- 

ftS&fciU SiJ<DJ5l*SM3lCj:yv ^£K»SUm : ?M2T-0 



Sltly^^fHi^trTSrtT^O 0 Jffyfttfetu * 

6lC^4©SI4®M4JCj:y 9 0° })fytttf6*lv Jtf* 

71^1^, £ 4 4 ©*fdJffl!l»*UH** OS 

4 ^^^fcBU^lcSBS^^^BBHTr^ IS 4 <Z> 

[0 13 0] <tc:?.T\ HfifeflJl ~1 2<0D-/^7-f 
/l/*-L Fteraftfc3*feMaT18AgLTl^o 

[oi3i] &L±<D&mmmtz35^z. ttKuvxe?® 

<;U->- I F, 5fi#^*^ Ml— h® I CI*. M60 
0 n mT-OJSil*^ 8 0 %&L±, 7 0 0 n mT©I 
ii^fcM 0%JXT<b&3<fc5K«$**XTV£o Sf*W 

T'&Zo f;f;U ISItafi«t*7 8 0 nmT-S^o 
[0 13 2] 

( n m) A / 4 



MIS 


A 


1 2 O3 




5 8. 


9 6 


0. 


5 0 


£2® 


T 


i 0 2 




8 4. 


1 9 


1 . 


0 0 


£3® 


S 


i O2 


1 


3 4. 


1 4 


1 . 


0 0 


£4® 


T 


i 0 2 




8 4. 


1 9 


1 . 


00 


S51 


S 


i 0 2 


1 


3 4. 


1 4 


1 . 


00 


£61 


T 


i O2 




8 4. 


1 9 


1 . 


0 0 


S7I 


S 


i O2 


1 


3 4. 


1 4 


1 . 


0 0 


$8§ 


T 


i O2 




84. 


1 9 


1 . 


0 0 


£9® 


S 


i 0 2 


1 


3 4. 


1 4 


1 . 


00 


£10® 


T 


i 0 2 




8 4. 


1 9 


1 . 


00 


£11® 


S 


i 0 2 


1 


3 4. 


1 4 


1 . 


00 


£12® 


T 


i 0 2 




84. 


1 9 


1 . 


00 


£13® 


S 


i 0 2 


1 


3 4. 


1 4 


1 . 


00 


£14® 


T 


i 0 2 




84. 


1 9 


1 . 


00 


£15® 


S 


i O2 


1 


7 8. 


4 1 


1 . 


3 3 


£16® 


T 


i 0 2 


1 


0 1 . 


0 3 


1 . 


2 1 




S 


i 0 2 


1 


6 7. 


6 7 


1 . 


2 5 


£18® 


T 


i O2 




9 6. 


8 2 


1 . 


1 5 


£19® 


S 


i 0 2 


1 


4 7. 


5 5 


1 . 


0 5 


£20® 


T 


i O2 




8 4. 


1 9 


1 . 


0 0 


£21® 


S 


i O2 


1 


6 0. 


9 7 


1 . 


2 0 


£22® 


T 


i O2 




84. 


1 9 


1 . 


00 


£23® 


S 


i 0 2 


1 


5 4. 


2 6 


1 . 


1 5 


£24® 


T 


i 0 2 




9 5. 


1 3 


1 . 


1 3 



» 



(25) 



^200 3-43 3 54 



S 

mum s 



0 2 

o 2 
o 2 



160. 9 7 
99. 34 
8 7.19 



1. 20 
1 . 18 
0.6 5 



[0 13 3] ±lB(D3fi#^i/-V-y*'y h=3- hcDilil 
[0134] □ -/\°X7^;l/£-LFtDS*tBffiffifl 

[0 13 5] atttiJlCl** C07^r/l/*-gL<B3- 
xO^lCcfcy, &g4 0 0 nm~7 0 0 nmTili§* 
« 5 «t>Bl v »fi02tia*Jca*-rS4 2 0 nm(D>&:B4)2§ 

* 4 0 0 n m©**<02BB¥a>ittf 6 %ttT? 

[0136] ^tucctyv AH©B<0feu:*rr*B« 

[01 37] ±IB<7> 4 0 0 n m<D»fi©iS»*eDl£# 6 

NL*«M(clV£3rnTL£l\ iSMc, ±IBO4 2 0 
nm<0»«<&»»*<DJt4M 5% J: y fc/Jxtfl/^ ARB 
<0BML»S»««©»4<jHtt<fty. ftO/t^VXtf 

[0 13 8] C©ct3*a«*«Hrt"«#«tt, fflfe^E 

+f -f * 7 -r - *ffl^fclMi3Rtcfi^T J: y Jft**« 

[0 1 3 9] ±ES*SWJTtt* H2 4KSrt5lC 
M4 0 0 nmlCj5tt«ilii*S0%, 42 0nm(cfc s 

9 0°/<k 44 0nmtCTiSi&^<Dtf-^1 
0 0 %<kft^a— ^-r >?£ LTl^o 

[0 14 0] mELtcj&mftz/*--7t>v bU-b£<D 
ftmtDHM&blilC&V* M4 5 0 nm<Z)jli®^9 9 
%£tf-^<hLT> 400nmtCfiW-*aKS*«:0%, 
4 2 0 nmU:fitt52iiS*S8 0°/<k 6 0 0 n mtCfctf 
*2Ba**8 2%s 7 00nmfcfctt*»i»**2%<k 
LTt>*» f-tlKcfey^ <fcy&H&fe?PKSfjo7V 

[0 14 1] $fc. P-/U7^;l/^-L Fi4. <g*ffi± 

n^tusjw** * 3 asco 7 -< / u * - Jtia^rp] ic 

SfeT15^LT*5yx -en^ntco^T. skycap 
m x ±4 5° »iaiC*nWlSQRT(1/2) Xa©tf6t 
C<hT\ ^UflllBltffoTV*. CCT\ SQRTIi 
SulBCD J: -5 ICX V JiTll/- b V ¥SS*8i»T5. 
[0 14 2] *fc> CCDOJHWBI1ICB, H2 5tC 



isray, s^x ^Hf>^ -fin- *y— > 

(flk) 0 4 fe(D67 < ;^ - ?S®i *(C«IS LT^+f 
-f fcWfe^tf -f ^7< JU* -«BtW*« 

ch54ig067i';^-(i, ^n^ftflwrauwc 
finely* cfcyAnafewRj^RrtBift*. 

[0 14 3] fflft ^ ?T7-f SttWKtt. 
EH 2 5lCS"r«fe^K^»< t ! 64lS067^;l/^-fr 
S*tf**U ^CD4SS0fe^^;U^-CD^14t*J.XTCO 

ay?**c£#»*Li\, 

[0 14 4] yy-V<D67-f/U^-Gt*»«Gp 

3tt5ft*Okf-^**U -fin-©ft7^;l/>-Y e « 
0!)fe-7-r;l/*-MttSftfiMpi4:Mp2tctf-^*WU i-X 

[0145] 5 1 0 nm<Gp < 5 4 0 nm 
5nm<Yp -Gp <35nm 
— 1 00nm<Cp — Gp <— 5 n m 

4 3 0 n m<Mpi< 4 8 0 n m 

5 8 0 nm<Mp2<6 4 0 n m 

*SlC* ^'J-X YIP- v'7 7 >CDfe7-<;l/*--te 

*n*no»*aij*ofc:-^»c»LTa*5 3 onm? 

^0»^JSOtr»^lC*rLT*fi5 3 0nm7B1 0 

±T<ty»«Lt\ 

[oi4 6] ±e#Mawcfci***ft^no**»tt 

2 5 nmtc^JttSSUSObf-^^LTl^o -fxn-O 
ft;7*r/l/*-Ye 145 5 5 n mtC»Jtt3fiJBa>tf-^** 
LTt^o v'T'XDft^-f/l/S-CttS 1 OnmlC^ 

144 4 5 nm£6 2 0 nmlCtf— ^SSLWS. * 
fcv 5 3 0 nmlCfctf^fe^/U^-te, ttlOTl© 
»^iiJgOtf-^tcWLTs G149 9%, Y e 149 5 
%, Ci497%, M14 3 8%<kLTl^o 
[0 147] C©<fc3£ffife7-f/l/£--©J§'£\ 

Y= I G + M + Ye +C | X1/4 



(26) 



151132 00 3-4 3 3 5 4 



R-Y= | (M + Y e ) - (G + C) | 
B- Y= | (M + C) - (G + Y e ) I 

ofi^ws^ssT r m) . G (®) . B (») (Dim 

[0 14 8] £Z\*>T\ ±IBL/-dfigStf|.->*-? , 2ry h 

l\ £7cv 0-A°X7-<;l/^-L F4>#t&t,MfBLfciI 
U 2*fcT i fc 1 tfcTtMfofclA. 

[0 14 9] £/c. SUfite^^S^ytDgP^lCO^ 
T(Dmm*®2 7m? 0 tcTi U CtDEK*4S¥MrtW>l§ 
ST&V. SI 8¥G 1 (£1 -1SG1 -1 +£1 -2 

s*g i -2) lastfzx&iiTvmfzf'JXupiz^T 

l3^LT65o S^ft^COfSl 8¥G 1 <hm2S¥G2,i: 
4>Rg<Dft»±<D&y<fcBlC, OS, -2&> - 

3©. -4&<DW2>T*M&%:?Jf&t?2>'5'-l"y M 0 
^BBBLTl^o ^-l/v H OlcfcJu OSOSiSIS-?' 
^□fl^flMtS!^ 4 mm«TISC5flfr6ft5 
BflP 1 A (>&g5 5 0 n mlCttT^iijS^* 1 0 0%) 

- 1 mmiETzrcMcmn 1 A©iiciin»«>i»¥# 

(«?«5 5 0 nmlC^-r-5JljS*f*9 9%) frS&^BB 
P1 Bi> HP 1 Btl^lUSfflCDRffJBBPSP^U - 
28, -3©v -4S(CfflIE-r^/c»> &*Sfi5 5 0 
n mlcWT ZiSmmtf 5 0 %. 2 5 %. 1 3%WND7 

-r^^-^ig^en/cBBPasi C, 1D, iEi?SL 

[0 15 0] ^f-LTx ■S'-U-y h 1 O<D0ef4l 1 <J>m 
»J ©BifcKJ: y fatx^ cDHPfcifc y ffiSKlB-r 5 Cit* 

[0 15 1] $/c, H2&F F no ' tfFno' >a 

/0. Afjmt^t^iC BBPF*9K;&B5 5 0 nmK 
ft?" ^Sil^tf 8 0 %7k7$<D N D 7 ■< )W -tfBB^ftS 

MtLn^. jiftwic^ nmm i th*> gasso 

H»FfiI^±IBjC^3l/i:-rcDti, ttUlltttt (OS) ic 
WLT-2K:tL/clieF^ii6 , i9. OtteZtZTft 
^<D<fc*ldttJS;-r£llPl;M Ci45. **Ucj: 

[0 15 2] £/c, 02 71C^-T^-Uy h 1 OiZftX 
Zs 02 8 (a) tC^r^-Uv h 1 0' ^JB^fcfll* 
^fo Ji^^^^m 1 PG 1 «tm2afG 2 <t(DSCDiie 
$6±<DfE5i-i&yt5iBlc, OS, -2©, -3 

-4S(D^S^iiS5^pI^<!:-rS'S'-U-y h 1 0' 
^BBBLTl^o h 1 0' let*. 0&<*>Sil££ 

■T5gaP^«* ,; iltl^4mmOn^T@S£DHP1 A' 

<t, - 1 ^miE-r^tcmcmn 1 a' <Dmnmm<Dm* 
tt<Dfflnmm : &&?%fflnBViti i mm<Dffln-\ b' <t. 

3r£tt:IBnn9l#NUC'.h3r<&y. -2K. -3K> - 
48K«IET£/c#©fl£tftf@£<DIISPgin C , 1 
D' , 1 E' t&mLZV&o LT< * — U -y M 

o' cd0SI6i i ©^y^iHiatCcfcy^pitift^BBP^ 



[0 15 3] £/cs Ctt6*t3»(DI?BP4>*<D1 A' frS 

1 d' K*n?ft&mmfo&ft\i<ogte : 2>ft¥V3a-/<i 

X"7< ;U^-^i3LTl N «. f LT, 02 8 (b) icfji 
E2 8 (b) (O&Mai*. P-/U7-fM-©^ 

p^^/Ka^it^^-r y * y cdhj/t t>^46/c 

^ffliftfttH L < -5 KISS LT^-StcDTS 

So 

[0 15 4] JT, lX±c7)<fe-5^*^c7)B^Ji^!gg 
[0 15 5] 12 9~E3 1H *5l^lcj:5^^ 

^^7 : v ? ^;u*^^cojt»jt^4 1 {zm^^rmm 

*/l/£p<^4 0<DM$£jjVt»r®igT-&2><, x-^/l/* 

^74on c<o«io«^ }§f£ffltts§4 2^^-rsa 

«)t¥3R4 1, 77"f V^-fflJtK4 4^#-r^7 7"T 
V#-ft^3R43, ->-\"y$-4 5, 75-y>a46, 
jfcHSjj^^ £-47 m^fr. A^740 (D±SPIC1B 
i?tifcv't'^-45*jfEt5i;< ^tilcaibLT 

ism4K ^5y^«•*fi(i«•J2 07tls#Tya^fx-A 

T^ftV/c»ft®)t)\ h7-f/U^- I Ft 

^Wn-/U7-</W-LF^LTCCD4 9©l 
®®±lCflM3-lV&o CCDC CD4 9T*S 3fc£ttfc«* 
M-S^S5 1^U lfIttLT*^7»l 

icis^en/i:j« B 3 H a^ : E--5'-4 7 icmmztiZo $ 
o mic j; y m^f w ic i3^«ii^T -5 j: ^ k ma l t t * 

l\ $/cs CCD4 9(Cft^oTffl^7-<;l/A^iBSL 
fcSS*M*^5 £ LTMJ5BLTt>Ja\ 

[0 15 6] T^eiC, 7 7"T>^-ffl7 l 6K4 4±(C«7 
7"<>^-fflW%)^3S5 3^iEBLT26Sc C077 

yv-mumft&Jk 5 3 ic j; ormfiK* n/c%ii*^ 

^iEfigP«T^S<KP Xy Xi* 5 5 C0^i?t* 5 7 ± 

iBB^tlTl^o »K)t^4 1 mfyr-o? 

-mtwaK^ 5 3 ©Asm jsiiit^^ 5 9 towaiaa 



(27) 
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IC^ft^ftZjK-gWJS 0 tfiBSStlTl^o 

[0157] Z.<D&o\Z.mmiZfttc : T ;! J*)\>-h* : 7*Q 
it. B»3fc£*4ljW£Bft?**«ifc?*y» «KMtf 

7. MbtfBB?**. 
[0 15 8] 03 1 4)ftT& ft/t— Btt5 0£ 

LTVCTM&fcBBBLTV*^ /f7-*BofcU:/ 

[0 15 9] 5Wc, *«W©«g«^»3B«*H&i1£^3Ri 

l t b* n/ctt wv&mgiW. <o-m t& % / \v =i @ 

3 2 ~0 3 4 icjf^ft^o 03 2«/\°y=]>3 0 0(D£ 
/?-*Hl'>fcm£fHlBU 03 3B/<ya>3 0 0<DJf 
m9t&*i 3 0 3 <DSr®0x 2 (DttBOBB 

mT°&Zo 03 2~0 3 4K^3rtt&<i:-5K, /tyav 

3 0 0(*. ttttfreMfMrtflfBSAftTSfctta)*- 

#- K3 o 1 0^*©BSLrcinamas*e-¥>s^# 
e<h> if$g*^#(c*^-r* : E-'j'-3 o 2<ts «fF 
#s#-¥>sa<D«*afg-r*fc«)oaigjt^3 o 3 <t 

/tyfr^-f nc<fcy wb&6 bb? siBibba&ctB 

C RTf-fX7H'S"P«oTJ:L\ *fc. 0 
t>, BB3fc¥X3 0 3tt, ; E--?-3 0 20)6±tCrt)l 

*ftTL"»*tf» ^BmicBSf* tz*-3 0 2©s 

H-^x K3 O 1 ©BHOKTSoTtJ:^. 

[0 16 0] C4>JHgtt5Mj(3 0 3M\ BB%B3 0 4 

bssb) 3&»sft***»u>xi 1 2<h, fitss&rsiMi 

0 otcrtBTJrftTv^o 

[0161] ZLZ.Z\ BBB7?y?1 6 2±lCl*ft!?! 
6!in-/U7-fM-LF tfttfinWK&S y tttt 5 ftT}§ 
#a->y h 1 6 0tLT— WcflM^tU tttoUVXl 

1 2<DB#1 1 3©tWW= , 7>4«y^T«»a*nTBl 

yttttRTHicfcoT^s/cafrs at*u>xi 1 2<ts^ 

f?f7Xl 6 2 0*<bdfc^BBR4>BB#:FB? 
*y» BJUflBBttt-pTV*. *fc» tt*1 1 3tDJfc 

(0/ttbs) ict*. *h$su>xi 1 2*«ai-r*fc«><o 

^(-#7^1 1 4tfEi*nT^5. B**1 1 
3+©X-L k U>X©B»BBB(*BjS*Bl/'Ta6*. 
[0 16 2] BBB??9 71 6 2 T'Syt* tlfcWtft 
t*> B?1 6 6%^LT, /\°V=J>3 oo£>fi&g#M8tc 

A73*tU m^ili^tL 7^-^-3 0 2lcS^*ft 

03 2 ict*. *<d— b^lt, BfMrosB&rifc 

!IS3 0 5tfSJhTU5. £fc* d<01i^3 0 5li. 
[0 16 3] ;AlCs *HW<OS#it¥m*i«»»yt^«i: 



■feBtffcBf 'J&B#Bi5tf0 3 5 iCi^S-ftS. 03 5 

(a) «^SIS4OOtDiE®0s 03 5 (b) (ifljffi 
0, 03 5 (c) »«^^3i54O5(D8(fffi0-p»S. 
03 5 (a) ~ (c) (Cif%3 , ft&J:3UU £!$fBS£4 0 
0W\ J»ff#©^*1IM8tLTA*'r*^-f'^»4 0 1 
jH£ffi¥QP«ttiftr£Xk:-ft&4 0 2&s tiff 
Btf««*A*rr*A73$' > -r7 7 Jl'4 0 3£» J«ff#g* 

-^-4 0 4 is «g^4 0 5t> BBBBOBB 
tSfiSt7?7VTt4 0 6i:, HBtSB^iiBBB* 
A7J«^^<DS&S^^3M-S#e (Bottl*) tfcWL 
Tt^^o CC?> 'E— — 4 0 4 l*?£SS5^?-T*£ 

*. 0*s sttfigoieBteBte* ^iccneicfe 

Sft&lA, C0>a£3fe5*B4O5U:, JSf57tS&4 0 7± 

kbbs ftfc*BB»c* s wb#t y Bifx-^ae** 

(BTttBIB) tfSfcSWBU'Xl 1 2t, BttBC 
Sitr ^BBSS-?^ •> X 1 6 2 4«fLTl^. CftS 

«\ j»wffiiS4 o oizfim-ztiT^z* 
[oi6 4] a®g?f7Xi 6 2±\am¥ 

#3 a -i s°7. 7 -f - L F tfftftltttctt y tttt 6>ftTJt 
h 1 6 o t LT— t*tcm^**x, ^U>X1 

i 2<r>wm'\ i 3<*>&^ic7>*y^Tffii6>££ftTro 

yttttRTBU:*-3TV*fca&% WBUVXl 1 2£H& 
X 1 6 2 (D* /D>^-e-¥>®raPH«)KBfi«^BT 
»y» HitfllWtftoT^i. «»1 1 3<D5fc 

4S (BSiB) fcM&UVXl 1 2^«a-r*/c4i><D 

A/t-sf77 1 1 Atfmm-zixT^Zo ^fcs 8M*i 1 

[0 16 5] fflKJR^^Xl 6 2 T§7l£* tlfc%l«:« 
li. ffl? 1 6 6£fl-LT, 0/^LTt^^5QS#eicA 

73*nx m^mmt lt : e-'?-4 o 4ic xw. Jift 
ffl^o^e-^— xt*s j^^ica^^n^o s/c. ii 
««#KB«»*aiflrrs»&» JWME^y^i 6 2? 

[0 16 6] W±<0**WOB : ?ffl®SB«fi'JAtf*O 

[0167] 1 1 ) jn&m&zwj&micmfeTzmc 
/£B?«b«? **r * c ^cwB&r 

Bo 

[0 16 8] [2] fi^flsffiiJCDUVXfreBuiBS:^ 

#*0$«Bi!iiBB#ft?**±e 1 1B«©S?S^g 
Bo 

[0 16 9] [3] BMIAUBlc* ftU>XSftJt 
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- 1 m. m[s>x& i *fc^c>f& 1 - 2m. moma-ft* 
Miem 2 w#4M*«ic0>&»n? s^s&Jff y i&tf x- a 

c <t t -r * «?a^a» 
[0 17 0] C4] wi*w£wmc, Alum. Mium 

myt¥m : ?T&z>7 , JXu*^tsm-\ - 1 sf. ieu>x 

£ 1 ttS&S 1-28f, iEO)f&ffit>*GTZ>fg 2 S¥=&^ 
l£ft4S^5aiIlStc^-r*K«M!Bm2S¥6 ,i *!Bf* 

[0171] [ 5 ] MI3S& 2 gfO^ffliJtC jE©S*/r7J« 

*rr3Sg3#£^s sisaistc^-rspm* 
seism 2m tn 3 w/MiWttiBwi*****^*^ * 

C i: £: f *±E 3 Xt* 4 tBigO&ftg&gBo 
[0 17 2] [6] MB^tCBuSBig^^^jIia 

u > xs*£ nmr * z t 1 1 z> ±ib 3 x « 4 ib© 

[0 17 3] (7) WM&fcyJHlc* ^©B1 U>X 

m. w^vaifofcttosittfes**?* m.<om2is> 
xw**u ^mmcmsE^M^m^m&L. *<*> 
mmzm^m 1 vsyxm*wmz>m&ift y i&tf x-/* 
^^so : ^-^#'JicsBS*nfc«^s^^ : ? : & : S'rs 

[0 17 4] (8) BulSmi U>XgfOiRSflP#, SufB 

2 \s>xm&Wi&m<Dm*>&Mfr6%£titciiLW.£ y t 

[0 17 5] (9) BulBSWtt^S^fcaM&KJSWS 

MB* BufBSWS^-^SWSft^/fyffltfMtO^tttS 
m^lRl ic f-lV h f * d £ £ f £±S3 6 XI* 7 IB 

[0176] C10) msElx.ttft¥m¥t>mwy5fa K 
iliBT Z> Z <h f 3±f 3 8 iB*i<DB?jtttgBo 

[0177] (id &$ii9t¥mtt'3tsm%zyt¥% ! 

tm^^m^-tCDPS^ BufBSW^^m^T^Stifm 
Sm2 0S«*S : &iS^> *CD£ft#JK>ftoTi!SI3Sg2<D 

jgWE^SiSglc^LfflSilftTSS^^SU fro. bu 

o (cJR 4 (DSWE^iattfcC: £ *&&£T 51? JUtsg 
Bo 

[0 17 8] (12) HuIBSl^^T^SS-ra^it 



M&WSdfrJ-XT^&f* (a) ^^S-r^C<!:«-1tS!!<i: 
f S±IB 3 XI* 4 IBtgOB^ffl^gBc 
[0179] (a) 0. 5<d/L<1. 6 

£o 

[0180] d3) h5ibjs«®k j: y ftss^tfry a 
^[p)^)®^ 6^2 5° ±3° (Dmmteom-BteinTo 

Zkft (a-1) £;S£U MiBiiiftjtM 9° ±3° ©IS 
HflOJKtt«Tfl)*ft (a -2) *7&E.-?Z££*n 

wl£?z±be-\ 2 imon+Mi&i&Wo 

[0181] (a-1) 0. 8<d/L<1. 4 

(a-2) 0. 5<d/L<1. 0 

(14) MIB£lift¥X?€s TEgP^^-TSXyX 

AO¥®HPic¥ca u > Xtfs^s fc«^x y x AT-8§m 

Lfcc:<i:5#Si[fr?.±l3K 3, 4 orattfri JSf Big 

©*?««^Bo 
[0 18 2] (15) SfcWtffliJKIEUVXfclBLfc 

Z.£*&m£?2>±%2-\s 3. 4 CDfRin^ 1 ^IBSgCDm 

^•a^siBo 

[0183] d6) mnx-L,%^<Dm^mmm 
iz$mm*mrzmi'>xizTmi&Lrcmi&mz:G?2> 

Z. £*&&.£■? S±fB1> 3, 4 (D^RinftM JSiB«<0m 
?S«^Bo 

[0184] (17) mEmmmi*mmT*&2> z. t * 

^<tT5±I31 6fBtt^mTJi^Bo 
[0 18 5] (18] Bul3X-AJl£^0«t,^®fiiJ 

ic»ii|g¥£i!BU m2m&m*&<mzm2mix.&c)m 

4 (Dtttlfr 1 JSIB^OB^a^^Bo 
[0186] (19) ffilBX- ^3t¥^£Dft.«!Efil "J 
icS^^BBLx MfB«!^gffr5%l(*fi'JlC2«a(D^T- 
7*-a->>^£fT5£<fc ; & ! &&<h-r£±IBK 3, 4 

(o^n^ 1 JsiBiBcos? a^^Bo 

[0187] (20) &jI3«i^l¥^ 6%li*ffliJlC 2fS 

<om 1 3mm<Dm<om&f%?<»mm&to&-£mftox$ti 

■r«±IB1 9I3©Offi?S«!SBo 
[0188] (b) 0. 1 < D FT/ f T < 1 • 5 

SHT^5o 

[0 18 9] (2D mm^mmz^iQt^m^ 

4ffilcSfg-r5K©Buf3m2^ Ml 3I& 3 gfO^ti^'tx© 
^B«M2 , M3 CDJtftUXTCDIfefF (c) ^SSS-rSCl 

[0190] (c) 0. 5<M3/M2<2. 0 

(22) buib^ 1 - 2 m&3fr*n J: y *%rf*fflij<z>af 
itst t -r 5±i3 3 x« 4 iBfcoa^iHi^Bo 

[0191] (23) SiJIB^I - 2m*. %f{*GiJfr6 



(29) 
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MIC* ftU>X^ JEU>X£>2tfc:gL<l*IEU>Xl «t 
*^«^L/ciI<i:^St<!:-ri)±iB3s 4, 5 4>fiin& 
1 HIBKOfl^Jitliggo 

[0 19 2] (2 4) 151381 1 - 1 SMcfctt^ttSS* 
X8M*> MMMKdKDft U>X 1 tfc<D*T*a&£ C 

[0 19 3] (2 5) ttlBJiri-1»t8aiBWl-2 
WO/^-tttfMT©** (d) *»sr*Ci:*»« 
£ f £ ±13 3 Xt* 4 IBtgOm^^SS, 

[0 19 4] 

(d) -0. 8<fn/fi2<0. 9 

fcfcU f iittBI-IIMMMUBfc f 12«^1 -2 

[0 195] (26) ttBfl!2&Xlig<nBft3Wa)fi| 
[0196] (27) 6)Bff2ttXli1ttBfl!3B4>£r 

eg u>x*^«j c t^WfRtf *±ib 5 BKottTWR 

[0 197] (28) MEI&2i¥£8iBS&38K*£flg 

^icffiM nm m*%.x & # s m— fsfa ic&m? z> z. t * 

[0 19 8] [2 93 MjSlB5tCfct>TJ.XT<D^ 

(e) *3tJE-r*C4:*W«frS±IB5ia«©«?ii 

[0 199] (e) 0. 7<-/3R t <2. 1 

(jribmmo 

[0 2 0 0] (3 03 «BX-Z*3tt^3R«3&(C**« 
?ffl«iR-? J: y *>*MWB!lU:. 6 0 0 n mT»Sl$tf 8 
0 %J-X±x 7 0 0 n mT'OaiS^tf 1 0 %J.;TFc7>j4#fl- 

JHMt&rftiJB 1 « 3, 44>ffl;h.iMqaBK4>*?ai 

[0201] ( 3 1 ] nett? ji^^? tf«ftw -f 

*7-f /U*-*#r*Ct«W»i:r*±8B3 0I3KCD 

[0202] (32) KHBX-i*3tt^3Ra*lca5*« 
?««fR?<J: y ittWUcMUV t LPF (mm) tfJfitTO 
*ft (f) «3ifc-r^WP-/\*^7-f/U^-*iBLfc 
Ct*^a<fr«±fB1 x 3, 4 QfiltUbM JSIBKCDB 

[0 2 0 3] 

(f ) 0. 1 5 a < t LPF < 0. 4 5a 

m) Tfey> a I* 5 m mttTTSS. 
[0204] (33) »EX-.kfllEa*«*l=»*« 
flttWRTJ: »J t.1W*«!Hc*SW t LPF (mm) tfJJtT© 



(f ) $»/ct^«P-/U7-<Jl/^-«EL 
fcC4*1WltT5±EK 3. 4 oratifr 1 JgiBfBO 

[0 2 0 5] 

(f ) 0. 1 3a<tLPF <0. 42a 
fc/cU a^S^S^^Tk^a^kf-yf 1 OMftju 
m) T*y» a 1*4 fimJ-XTT^^o 

[0206] (34) IIQTeKtfBCOWROlia* 

3 efoDgt^flij© u vXffiwraofsFnfc^jtiSrttcj* 
[0207] (35) tftEttR4>np — ®<ora 

□ F*3tC5 5 0 n mlCjtfTSiSiB^tfS 0 %5fe;ST*2&*ffl5 
te&G-fZtmc. %<?>— aM>IPHP<&;ftfi5 5 0 nmlC 
tt?-§jSiS^*8 0%LX±£LfcC<fc£1#a<h?-£±E 
3 4 IBSCDm^Ji^Mo 

[0 2 0 8] (3 6) X-&3fe¥S4>ftjaUEIK&Att 
£;£«5 5 0 nmiClStfZ>mmm*T tLfctZOFno 
^f^aini?, F no ' >a (M"i) /0. 4 /i 

5 lc®|fi!S-r*«-&tts BBPfc ic 5 5 0 n mlcfcrr-SiiiS 
*Ttf 8 OWfc^attfcWfcfclinSWEX-L^ 
3R©>lfiHHc|fA , r*J:?lcLn:Ct*i*«tT*±IB3 
4E«<0tt?lg®gS. 

[0209] (37) ffitmwL<j>muv>tpv>mwLK z 

So 

[0210] os) mm\z.'}>is.< t,*>mMW¥fii 

£ y <bJf < «MT « C thStttt.!: r *±E 1 E*fl>«? 

[0 2 11] (3 9) BuiBSW^^^XyXAtC 
T«§J*U HuEXyXA©W8*@fr^fi)6U F"3SP* 
XftTftttU WffiX-^Jtt^SRoaUBBSlcttSKRi*:* 

K 3> 4, 6 tOfltliM JSESSOS^fflxSSBo 
[0212] (40) Buffi£4tD£**BntC<fcyKI*3" 

t*ftWL£?2>±iE 1 1 1BKcDfg^-Ji^^So 
[0213] (42) iiuIBSfcM^frffc&B)* 

K 3 x 4 s 6 x 11 Ofnjtifr 1 JSf 3®0>m?ffl^^ 

He 

[0 2 14] (4 3) l£ftlgfr6ffiffl4SlC£fig-r*l£ 



(30) 
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1 vtStsWH&iV Mf X-Aft^Stf^^fiWcIBB 



[0 2 15] (4 4) BuiB^SS^J/fytttf^fc^CDS 



[0 2 16] (4 5) BU§B#S&£#ry8lfS/*ctt«>5 

i*«t&-r«±ie4 3x«4 4i3i8os?««SBo 

[0217] (46) i9i331fiSS*»f y Mf ZTcttXDIx. 

IB 4 5 gBtt<a«?Jltt&B. 
[0218] (47) bu§B#S&£#t y * tf'S fctfXDK 

4 6 ie«<ofi?SiigSo 

[0 2 19] (4 8) BuiBtDJSft^eSillSlC^ 
10<7mU>X<!:frS&y. '>5< l t i t10 
^ItSltfr 5±IB 4 3 3b- 6 4 7 <D<5Jttfr 1 JgfBiiCDS? 



[0 2 2 0] (4 9) MIB(D/2:ftJg)b^iiS4aBtC^fS 

rzmzVnmMcofr&W)? zmtt. 2-o<die\s>x£ 

1 0(DflU>Xi:fr6fc:y, MiBflL'VXfr'J^SKtfc 
-#tf)IE U > X 1 51 MC * tlT -5 C <h £ tttt t f 
S±fB4 3 fr<=> 4 74MpJtlfr 1 ^IBiiOffi^S^So 
[022 1] 

tt£tt&3!1bSH « C £: fl^tB t * S» 
[HHOHmftSH*] 

[Hi] *%9i0*?iMgB(cm^sn«3MMffytt 
# x- A%¥$4>%ffiM i <onnfssa»^im<owam 

(a) , (b) s JEftfig (c) T'Ol>>XmM 

0T3&S, 

[0 2 ] mmm i oytmn y ffitf x- j*3£¥X4>h i <t 
[0 3 ] shew 3 ojimsf u x-^*^»©ia 1 <t 
[04] mmm*<o%mrvmfx-u%¥&v>w'i t 
[0 5 ] stasfl) 5 <D}tK»f y ffltf x-u%^<om 1 <t 

HM® U VXBHEH7?**. 

[06] **«>J6O316iMfryfttfX-/*3«^»<0H1 <t 



[07] nmm7a)xsmvmfx-i±yt¥m<ow\ t 
[0 8 ] mmm 8 cd#s&#t y ffl if x-/*)t^©0 1 1 

Plti<3UVX8riS0"P25So 

[0 9 ] mmm 9 oxmi y i» x- a*£^<*>0 1 <t 

[010] ^ssaii o©^K#fyfttfX-Zxji£^<D0 
i £mm<Dis>xmmm?&%o 

[01 1] HS60J1 1<D^J/rytttfX-L,) 1 6^(D0 
1 d:lll«CDU>XBiffi0T«*o 

[012] USSffill 2©JttBS»ryttlfX-^¥»©H 
1 <tl^«<Db>XlfrE0T'3&So 

[013] uss^i 1 a>mm^<m^m^<D^Lmmvs> 

So 

[014] HfiS^J 1 2 <Dfcffi»*!!l^«l5<Z>iEM0Ta& 
S. 

[015] *^©JtK»TytttfX-A3t^^fl@^ 

ie<*> 1 ffy^itt^-r5/t46o)0TfeSo 

[016] 3ttBMffyftWffl©RW}lt^*?*2 5-T« 
figLfdS^OI o<7)JJtflB^SCO«[^0TS*o 

[017] JWWryft»f«©S»«*il5?*5 7-7»«l 
fig Lfca^©S'J©StP^«>«l^0T»*o 

[018] 3fe^ytt»fft4>E«t3%5MR?*%itxyx 

Bi:&3;<D«Jtc0TfcS. 

[019] jifcK^ryttifffloDSityt^jS^mttRrss 

5 - TfltfiB-T ««^<D^*^©«S0 7? ' * S . 
[02 0] »«Rr*5^-C!)iiiJB«*BttBr*fc»©« 
JMaTfcS. 
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(54) ELECTRONIC IMAGING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electronic imaging devicewhose 
thickness in the depth direction is very small and which adopts the type of an 
optical systemcapable of overcoming constraints concerning the movement of a 
moving group when varying powerwhile maintaining high specification and 
performance. 

SOLUTION: This electronic imaging device has an optical path bending zoom 
optical systemwhich includes a 1-1st group G-1 constituted of a negative lens 
group and a catoptric element P for bending an optical patha 1-2nd group G1-2 
including one positive lens and a 2nd group G2 having positive refractive powerin 
the order starting from the object side and where the 2nd group G2 moves only to 
the object side in the case of varying power from a wide-angle end to a telephoto 
endand the electronic imaging device I arranged on the image side of the zoom 
optical system. 



CLAIMS 



[Claim(s)] 

[Claim 1]At least one group which moves only to the object side when carrying out 
variable power to a tele edge from a wide angle end is includedAn electronic 
imaging device having an electronic image sensor arranged at its optical-path 
bending zoom optical system [ containing at least one catoptric light study 
element for / of all the groups movable at the time of variable power / bending an 
optical path to the object side rather than a lens by the side of an object 
most ]and image side. 

[Claim 2]The electronic imaging device according to claim 1 whose composite 
focal length of a subsystem of a just before [ a field by the side of an object ] is 
negative most in all the movable groups from a lens by the side of an object to the 
time of said variable power. 

[Claim 3]The one to 1st groups constituted from an object side by order with a 
negative lens group and a catoptric light study element for optical-path bendingAn 
electronic imaging device having an electronic image sensor arranged at its 
optical-path bending zoom optical system [ which said 2nd group moves only to 
the object side when carrying out variable power to a tele edge from a wide angle 
end ]and image side including the one to 2nd groups containing one positive 
lensand the 2nd group that has positive refracting power. 

[Claim 4]The one to 1st groups that contain in order prism which is a catoptric 
light study element for optical-path bending at least whose one side of an 
entrance plane and a projection surface is a concave surface from the object 
sideAn electronic imaging device having an electronic image sensor arranged at its 
optical-path bending zoom optical system [ which said 2nd group moves to the 
object side in monotone when carrying out variable power to a tele edge from a 
wide angle end ]and image side including the one to 2nd groups containing one 
positive lensand the 2nd group that has positive refracting power. 
[Claim 5]The electronic imaging device according to claim 3 or 4 moving while said 
2nd group and the 3rd group change a relative intervalwhen carrying out variable 
power to a tele edge from a wide angle end including the 3rd group that has 
positive refracting power in the image side of said 2nd group. 

[Claim 6]The electronic imaging device according to claim 3 or 4 storing a negative 
lens group which evacuates said catoptric light study element at the time of 
collapsingand is in the space rather than said catoptric light study element at the 
object side. 

[Claim 7]In orderfrom the object sidea catoptric light study element for the 1st 
negative lens group and optical-path bendingAn electronic imaging device having 
the 2nd positive lens group and having an electronic image sensor arranged at its 
optical-path bending zoom optical system [ which evacuates said catoptric light 
study element at the time of collapsingand stores said 1st lens group to the 
space land image side. 
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[Claim 8]An electronic imaging device comprising: 
The 2nd reflector that divides an optical path also at the abbreviated 
perpendicular side to a flat surface including an optic axis before and behind 
reflection with said catoptric light study element between a photographing optical 
system and an electronic image sensor containing a catoptric light study element. 
Incident planes which have a normal which is an abbreviated right angle to a 
normal of said 2nd reflector along with the reflection sideand include an optic axis 
of said 2nd reflectorand the 3rd reflector that has the incident planes same in 
abbreviation. 

It is the 4th reflector so that an optical path after reflection may eject to an optic 
axis by the side of incidence of said photographing optical systemand abbreviated 
parallel. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to electronic imaging devices 
including the video camera and digital camera which realized slimming down of the 
depth direction by the device of optical system sectionssuch as a zoom 
lensespecially about the thin electronic imaging device which has an optical-path 
bending zoom optical system. 
[0002] 

[Description of the Prior Art]In recent yearsthe digital camera (electronic camera) 
has attracted attention as a next-generation camera which replaces 35 mm of 
silver salt film (common-name Leica version) camera. It has many categories 
increasingly in the range with a business-use highly efficient type to a portable 
broad spread type. 

[0003]In this inventionit is aiming to provide the art of realizing a video camera 
with thin depthand a digital camerasecuring high definition especially paying 
attention to a category portable spread type. 

[0004]it is the chief obstacle making the depth direction of a camera thin — an 
optical systemespecially a zoom lens system — it is thickness from the field by 
the side of an object to an imaging surface most. These daysit is in use to adopt 
what is called a collapsible-mount-type body tube that pushes out an optical 
system out of a camera body at the time of photographyand stores an optical 
system in a camera body at the time of carrying. Howeverthe thickness at the 
time of optical system collapsing changes greatly with lens types and the filters to 
be used. Even if especially a right precedence type zoom lens what is called with 
which the lens group by the side of an object has positive refracting power most in 
order to set up specificationssuch as a zoom ratio and an F valuehighly has large 
thickness and dead space of each lens element and it collapsesthickness does not 



so much become thin (JP1 1-258507A). With a negative precedence typealthough 
especially the zoom lens of 2 thru/or 3 group composition is advantageous in that 
respectwhen there is much composition number of sheets in a groupor the 
thickness of an element is largeor the lens by the side of an object is a positive 
lens mosteven if it collapsesit does not become thin (JP1 1-52246A). 
[0005]While being known nowit is suitable for electronic image sensorsand included 
image formation performancessuch as a zoom ratioa field angleand an F valueare 
goodand there are thingssuch as JP1 1-194274AJP1 1-287953Aand JP2000- 
9997Aas an example of what has a possibility that collapsing thickness can be 
made the thinnest. 

[0006]In order to make the 1st group thinit is good to make an entrance pupil 
position shallowbut for that purposethe magnification of the 2nd group will be 
made high. Effectiveness of the difficulty of aberration compensation and a 
manufacture error increases the burden of one sidetherefore the 2nd group 
becomes large and it not only becomes difficult to make itself thinbutand it is not 
desirable. Although what is necessary is just to make an image sensor small in 
order to realize a slimming-down miniaturizationin order to consider it as the same 
pixel numberit is necessary to make a picture element pitch smalland the shortage 
of sensitivity must be covered by an optical system. The influence of diffraction is 
also the same. 

[0007]In order to use a camera body with thin depthnot a pre-group but what is 
called a rear focus is effective on the layout of a drive system in the lens 
movement at the time of a focus. Thenthe necessity that an aberration variation 
when a rear focus is carried out chooses few optical systems comes out. As a 
means of another slimming downthere is the method of bending the optical path of 
an optical system by a mirror etc. In this caseremarkable restrictions occur in the 
lens movement for the space top variable power for bending. 
[0008] 

[Problem(s) to be Solved by the Invention]This invention is made in view of such 
the actual condition of conventional technologyand the purposeThe zoom lens of 
the rear focus which bent the optical path (optic axis) of the optical system with 
catoptric light study elementssuch as a mirroris adoptedthe type of the optical 
system which can conquer the constraints about movement of the moving group 
at the time of variable power is adoptedmaintaining high specification and 
performanceand a depth direction is providing a very thin electronic imaging device. 
[0009] 

[Means for Solving the Problem]To achieve the above objectsan electronic imaging 
device of this inventionAt least one group which moves only to the object side 
when carrying out variable power to a tele edge from a wide angle end is includedlt 
has an electronic image sensor arranged at its optical-path bending zoom optical 
system [ containing at least one catoptric light study element for / of all the 
groups movable at the time of variable power / bending an optical path to the 
object side rather than a lens by the side of an object most ]and image side. 
[001 0]A reason and an operation which take the above-mentioned composition in 
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this invention below are explained. 

[001 1]In this inventionwhen carrying out variable power to a tele edge from a wide 
angle endat least one group which moves only to the object side was includedand 
an optical-path bending zoom optical system containing at least one catoptric light 
study element for [ of all the groups movable at the time of variable power ] 
bending an optical path to the object side rather than a lens by the side of an 
object was adopted most. In order to turn a lens system entrance plane to the 
object side and to make depth thin moreoverit is preferred that a photographing 
optical system is a position by the side of an object as much as possibleand 
beam-of-light quantity moreover carries out optical-path bending in a low air 
spacing part. In order to complicate neither zoom nor a focus driving systema 
moving group is better than a bending position to carry out the image side. In 
order to make a bending space small as much as possiblewhen a thing with all the 
low beam-of-light quantities which contribute to image formation near the bent 
part considers a good thingit is desirable for a composite focal length of a 
subsystem of a just before [ the movable group from a lens by the side of an 
object to the time of variable power whose bent part exists ] to be negative. 
[001 2]If lens constitution suitable as a bending zoom optical system is described 
concretelyWhen carrying out variable power to a tele edge from a wide angle end 
including the one to 1st groups constituted from a negative lens group and a 
catoptric light study element for optical-path bending by orderthe one to 2nd 
groups containing one positive lensand the 2nd group that has positive refracting 
power from the object sidesaid 2nd group is a type which moves only to the object 
side. 

[001 3]If another lens constitution suitable as a bending zoom optical system is 
described concretelyThe one to 1st groups that contain in order prism which is a 
catoptric light study element for optical-path bending at least whose one side of 
an entrance plane and a projection surface is a concave surface from the object 
sideWhen carrying out variable power to a tele edge from a wide angle end 
including the one to 2nd groups containing one positive lensand the 2nd group that 
has positive refracting powerit is a type which said 2nd group moves to the object 
side in monotone. 

[0014]In this caseit is good to perform as follows the optic-axis absentminded 
mind conversion length d from a refracting interface in front of a reflector of a 
catoptric light study element to a refracting interface immediately after a reflector 
by any type. 

[0015](a) 0.5<d/L<2.1 however L are the diagonal length of a valid imaging region 
(approximately rectangle) of an electronic image sensor. 

[001 6]If 2.1 of upper limit of this condition (a) is exceededan optical system will 
become large too much. If 0.5 of a lower limit is exceededlight flux which 
contributes to image formation of a picture periphery will not reach satisfaction in 
the image surfaceor it will be easy to generate a ghost. 

[0017]When it is within the limits which is about 19 degrees **3 degrees when it is 
within the limits whose field angle of a direction which bends an optical path is 25 



degrees **3 degreesthe following ranges are good respectively. 

[0018](a-0 To 0.8<d/L<1.9 (a-2) 0.5<d/L<1.5 panif it is performed as followsit is 

more desirable. 

[0019](a -1) In order that [ which is 0.9<d/L<1.8(a'-2)0.6<d/L<1 .4 ] any type may 
make paraxial refractive power arrangement suitablea reflector may consist of 
other than a flat surface. In order to amend change of a focal position and 
aberration which establish a control system which can change shape of a reflector 
freelyand are generated by it in the case of variable powerto carry out a focus or 
to carry out variable powerit is more preferred to make it a shape variable mirror 
in which shape controlling is possible. 

[0020]Apart from thisa planoconcave lens may be joined to a prism flat-surface 
partand a catoptric light study element may be constituted. From a relation of 
balance with a level of distortion correctionand target size of an electronic imaging 
devicea weak positive lens of power may be most added to the object side. In that 
casethere may not be any one to 2nd groups. 

[0021] About these two zoom typeseach last group is good to constitute from a 
single lens which has an aspheric surface. There is an effect in amendment of 
transverse chromatic aberrationsuch as a distortion aberrationastigmatismand a 
coma aberrationvery much. Since it is the translation which has canceled 
aberration generated in the object side from it with this lensbalance of aberration 
will be lost if it moves by a focus etc. Thereforeit is better for the last group to 
consider it as immobilization. 

[0022]Since the 1st group is a bending system and is not suitable as a group 
which carries out a focusit is good to carry out by a group after the 2nd group 
except the last group. It is good to use the 2nd group for the object side from the 
last group with little change of a focal distance by a focusor aberrationand to 
perform a focus especially. In this casea focus by the side of a short distance 
serves as a direction which it lets out more. In order to perform a focusit is good 
for optic-axis sky mind interval at the time of an infinite distance object point 
focus by a tele edge of the 2nd group and the 3rd group to be satisfied with the 
object side of the following conditional expressions from the last group. 
[0023](b) O.KDpr/f^l.Showever f T are the whole system focal distances at the 
time of an infinite distance object point focus by a tele edge. 
[0024]If 1.5 of a maximum of this condition (b) is exceededreservation of a zoom 
ratio will become difficultand if 0.1 of a lower limit is exceededa focus possible 
distance range cannot fully be taken. 
[0025]It is more desirable if it is performed as follows. 

[0026](b') 0.2<D FT /f x <1 — if it is performed still as followsin additionit is desirable. 
[0027] 

(b") Two zoom types of the 0.25<D FT /f T <0.8 above are good to make it zoom form 
which moves while the 2nd group and the 3rd group change a relative intervalwhen 
carrying out variable power to a tele edge from a wide angle end including the 3rd 
group that has positive refracting power in the image side of the 2nd group. This 
method can earn a high variable power rateperforming focal position amendment 
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by variable power using a space efficiently. 

[0028]In that caseit is (c) about a ratio of each movement magnitude M 2 of the 
2nd group at the time of carrying out variable power to a tele edge from a wide 
angle end at the time of an infinite distance focusand the 3rd groupand M 3 . It is 
good to use the range of 0.5<M 3 /M 2 <2.0. If 2.0 of upper limit of this condition is 
exceededneither a zoom ratio nor a focus possible distance range can fully be 
taken. If 0.5 of a lower limit is exceededreservation of a zoom ratio is difficult also 
here. 

[0029]It is more desirable if it is performed as follows. 
[0030] 

(c') To 0.7<M 3 /M 2 <1.4 panif it is performed as followsin additionit is desirable. 
[0031] 

(c") Per optical-path bending systemsince it is mechanistically difficultit is [ to 
consider it as immobilization ] good that two zoom types of the 0.8<M 3 /M 2 <1 .25 
above move the 1st group (constructional system applied to the one to 2nd groups 
from the one to 1st groups) at the time of a focus at the time of zoom. Although 
the one to 1st groups consider it as immobilization at the time of variable 
powersince the one to 2nd groups are comparatively easy to movethey are good 
also as movable. In that caseit is good to move drawing a locus of a convex on the 
image side at the time of variable power. These one to 2nd groups are good to 
constitute from two sheetsa negative lens and a positive lensor one positive lens 
sequentially from the object sidein order to amend transverse chromatic 
aberrationsuch as a chromatic aberration and a distortion aberration. 
[0032]If it adds any of the following constitutional limitation they arestill higher 
specificationperformanceand a bending zoom lens system of simple composition 
can be acquiredand it will contribute to the further slimming down of an imaging 
device. 

[0033]O A negative lens group by the side of an object is taken as one negative 
lens of a convex at the object side from a catoptric light study element for the 
one to 1st groups to bend an optical path. 

[0034]While this arrangement maintains a field angleit is the composition which can 
make depth of an optical system the thinnest. 

[0035]O Since it is meaningless in that case if there is no power of a negative lens 
to some extentit is (d) about power ratios of the one to 1st groupsand the one to 
2nd groups. It is referred to as -0.8<f n /f l2 <1 .9. Howeverf n is a focal distance of 
the one to 1st groupsand f 12 is a focal distance of the one to 2nd groups. Even if it 
exceeds 1 .9 of an upper and lower limit of this conditionand any of -0.8it is easy to 
enlarge a bending optical element. 
[0036]It is more desirable if it is performed as follows. 
[0037] 

(d') To -0.6<f n /f 12 <1.7 panif it is performed as followsin additionit is desirable. 
[0038] 

(d") Either one of the -0.4<f n /f l2 <1 .50 2nd group orand the 3rd group contains a 
concave lens in a single lens and another side at least. 



[0039]Although variable power of them can be carried out by moving to a uniform 
direction in generalthe 2nd group and the 3rd group being able to share a move 
spaceand keeping a focal position constant in few spaceschanging a relative 
interval slightly at the time of variable powerAs other meritsl hear that amendment 
of a chromatic aberration of each group does not need to be completedand it is. 
That isthe 2nd group and the 3rd group can amend a chromatic aberration 
mutually. Thereforeeither may consist of single lenses. It contributes to a small 
weight saving. 

[0040]O In order to keep a relative space change of the 2nd group and the 3rd 
group as small as possibleit is good for magnification of a constructional system 
after the 2nd group to carry out variable power about -1 time. Thereforeit is good 
to satisfy the following conditions in a tele edge. 

[0041](e) 0.7<-beta Rt <2.1 however beta^ are the synthetic magnifications (infinite 
distance object point) in a tele edge after the 2nd group. 
[0042]Even if it exceeds any of the upper and lower limits 2.1 and 0.7 of this 
conditionvariation of a relative interval of the 2nd group and the 3rd group will 
become large. 

[0043]It is more desirable if it is performed as follows. 

[0044](e') To O.S^beta^l.9 panif it is performed as followsin additionit is 

desirable. 

[0045](e") An electronic imaging device of O.SS^beta^OJ this inventionAt least 
one group which moves only to the object side when carrying out variable power 
to a tele edge from a wide angle end is includedAn electronic image sensor 
arranged at its optical-path bending zoom optical system [ containing at least one 
catoptric light study element for bending an optical path which is a field of all the 
groups movable at the time of variable power for which either / at least / an 
entrance plane or a projection surface have curvature in the object side rather 
than a lens by the side of an object most ]and image side. A having thing is 
included. 

[0046]Thusby making a catoptric light study element (prism) for bending an optical 
path hold refracting powerthe number of lens elements can be reduced and it 
contributes to miniaturization or a cost cut. 

[0047]in this casea catoptric light study element for bending an optical path — an 
optical-path bending zoom optical system — it can arrange to the object side 
most. 

[0048]Thusas for an optical-path bending elementa direction allotted to the object 
side as much as possible can make a depth direction of an electronic imaging 
device thin. 

[0049]An entrance plane of a catoptric light study element for bending an optical 
path can be made composition which turned a concave surface to the object side. 
[0050]To a thin electronic imaging device which is an example of this invention and 
which has the zoom optical system constituted from an object side in order of a 
negative meniscus lens and optical-path bending prism by giving negative 
refracting power to an entrance plane of optical-path bending prism. The negative 



meniscus lens can be omitted and it becomes possible to make a depth direction 
of an electronic imaging device thinner. 

[0051]In that casean entrance plane of a catoptric light study element for bending 
an optical path can be made into an aspheric surface. 

[0052]Since it becomes disadvantageous on transverse-chromatic-aberration 
amendment of a distortion aberration etc. when optic-axis top curvature of an 
entrance plane is a negative value (composition which turned a concave surface to 
the object sideXhe aberration compensation is made possible by introducing an 
aspheric surface. 

[0053]And a projection surface of a catoptric light study element for bending an 
optical path can be made into a flat surface. 

[0054]As mentioned abovesince reservation of face-to-face eccentricity accuracy 
with a projection surface will become difficult if an aspheric surface is introduced 
into an entrance planea face-to-face eccentricity precision prescribe can be 
eased by making another field (projection surface) into a flat surface. 
[0055]A group which moves only to the object side when carrying out variable 
power to a tele edge from a wide angle end shall consist of two positive lenses and 
at least one negative lensand every at least one positive lens and negative lens of 
each other shall be joined. 

[0056]In a group which moves only to the object side when carrying out variable 
power to a tele edge from a wide angle enda large tendency has degradation of 
aberration by relative eccentricity of a positive lens and a negative lens. 
Thereforeit is more desirable to join mutually as it can be the above. 
[0057]A group which moves only to the object side when carrying out variable 
power to a tele edge from a wide angle end shall consist of two positive lenses and 
one negative lensand the negative lens of each other shall be joined to at least 
one positive lens. 

[0058]Thusa total of three sheets of two positive lenses and one negative lens of 
a group which moves only to the object side when carrying out variable power to a 
tele edge from a wide angle end are the minimum components. 
[0059]Nownextreference is made about making filters thin. An infrared-absorption 
filter which has fixed thickness in an electronic imaging device so that infrared 
light may not usually enter into an imaging surface is inserted in the object side 
rather than an image sensor. It considers transposing this to thin coating. Although 
it is a translation which becomes naturally that much thinthere is a secondary 
effect. Rather than an electronic image sensor in zoom lens system backto the 
object sideif transmissivity in 700 nm introduces 10% or less of near-infrared sharp 
cut coat not less than 80%transmissivity in 600 nmTransmissivity by the side of 
red becomes high more relatively than an absorption typea magenta-ized tendency 
by the side of purple-blue which is a fault of CCD which has a complementary 
color mosaic filter is eased by gain adjustmentand color reproduction of the CCD 
average which has a primary colors filter can be obtained. On the other handsince 
in the case of a complementary filter substantial sensitivity is high and 
advantageous also in resolving compared with height of the transmitted light 
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energy to CCD with a primary colors filtera merit when small CCD is used is size. 
It is good to fulfill conditions below the total thickness t^p also about an optical 
low pass filter which is another filter, (f) 0.15 a<t,_p F <0.45aa is a horizontal picture 
element pitch (unit mum) of an electronic image sensor. 

[0060]If an optical low pass filter is made thingenerally moire depressor effect 
decreases and it is not desirable. On the other handcontrast of a frequency 
component beyond a nyquist limit decreases under the influence of diffraction of 
an imaging lens system as a picture element pitch becomes smalland reduction of 
moire depressor effect comes to be permitted to some extent. For exampleit is 
known that azimuth angles at the time of projection on the image surface are level 
(= 0 degree) and that there is moire depressor effect considerably when using in 
piles three kinds of filters which have a crystal axis in the direction of **45 
degreerespectively for an optical axis direction. That to which a filter in this case 
can shift only SQRT (1/2) * amum in amum and the direction of **45 degree 
horizontally as specification which becomes the thinnestrespectively is known. 
Filter thickness at this time is about set to [1+2*SQRT(1/2)] *a / 5.88 (mm). 
HereSQRT is a square route and means a square root. This is specification which 
makes contrast zero in frequency which is equivalent to a nyquist limit exactly. 
Rather than thisif it is made thin about tens of%contrast of several percent 
thru/or frequency equivalent to a nyquist limit will come out for a whilebut ****** 
stopped under influence of the above-mentioned diffraction becomes possible. 
[0061]It is good to satisfy conditions (f) also including a case where it carries out 
by filter specifications other than the abovefor examplea two-sheet pileand one 
sheet. If 0.45a of the upper limit is exceededan optical low pass filter will be too 
thickand will become the hindrance of slimming down. Moire removal will become 
insufficient if 0.15a of a lower limit is exceeded. Howeverconditions of a in a case 
of carrying this out are 5 micrometers or less. 

[0062]Since it is easier to be influenced by diffraction if a is 4 micrometers or less 
(f)it is good also as 0.13a<t LPF <0.42a. According to number of sheets of a 
horizontal picture element pitch and a low pass filter to pile upit may be performed 
as follows. 
[0063] 

(O not less than 4 micrometers : 0.3a<tLp F <0.4a — three-sheet pile a< 5 
micrometers 0.2a<tLp F <0.28a — two-sheet pile a< 5 micrometers 0.1a<t LPF <0.16a - 
- one sheet a< 5 micrometers. 4 micrometers or less : 0.25 a<t LPF <0.37 a — 3-sheet 
pile a< 4 micrometers 0.16a<t LPF <0.25a — Two-sheet pile a< 4 micrometers 
0.08a<t LPF <0.14a — One sheet An electronic image sensor with a small a< 4- 
micrometer picture element pitch. When using itimage quality deteriorates under 
influence of the diffraction effect by narrowing down. Thereforeopening size has 
two or more fixed openingsand can insert one of them most into a lens side by the 
side of an image and an optical path of the 3rd group which it is in any between 
lens sides by the side of an object most of the 1st groupAnd it is good to perform 
light volume regulationas it is considered as an electronic imaging device which 
can adjust image surface illumination by supposing that it is exchangeable with 



other openingsand transmissivity to 550 nm differs in some openings in two or 
more of the openingsrespectively and it has a medium which is less than 80%. Or 
when adjusting so that it may become the light volume equivalent to an F value 
which is set to a (micrometer) / f number <0.4it is good to consider it as an 
electronic imaging device which transmissivity to 550 nm differs in an 
openingrespectivelyand has less than 80% of medium. For examplefrom an opening 
valueout of the range of the above-mentioned conditionshe has no mediumor 
transmissivity to 550 nm considers it as not less than 91% of straw-man 
mediumand it is [ like / a diameter of an aperture diaphragm is not made smallso 
that influence of diffraction comes out and / an ND filter ] good at the time of 
within the limits to carry out light volume regulation. 

[0064]What puts in in an opening an optical low pass filter which makes two or 
more of the openings what made a path small in inverse proportion to an F 
valuerespectivelyand arranges themand in which frequency characteristics differ 
instead of an ND filterrespectively may be sufficient. Since diffraction degradation 
becomes large as it narrows downthe frequency characteristic of an optical low 
pass filter is highly set upso that an opening diameter becomes small. 
[0065]A device of a mechanical mechanism or a layout is also important for 
slimming down of an electronic imaging device besides a device of composition of 
an optical system. Especially a thing for which what is called a collapsing method 
that stores a lens in a main part when not taking a photograph is adopted is 
important. In the case of lens constitution of this inventionas the mechanismit is 
good to adopt a method which moves and stores a lens group which evacuated a 
catoptric light study element which is already in a main part from an optical path 
to another space in a main partis in the object side and has been projected from a 
main part rather than a catoptric light study element between vacant optical-path 
absentminded at the time of photography. 

[0066]Even if it is except lens constitution adopted as this inventionif it is a 
catoptric light study element for the 1st negative lens group and optical-path 
bendingand an optical system which has the 2nd positive lens groupin order from 
the object sideA catoptric light study element is evacuated from an optical path to 
another space in a main partand a method which moves and stores the 1st lens 
group between vacant optical-path absentminded can be used. 
[0067]It is good at the time of storage of the 1 st lens group to make it the 2nd 
lens group evacuate from a position at the time of photography which is most 
distant from the image surface to the image side. Since there is a move space for 
variable power or a focus after the 2nd lens groupin order to use it effectivelyfor 
example at the time of storageat the time of storageit can depress to the image 
side as much as possiblea catoptric light study element can also be moved to the 
image side depending on necessityand the 2nd group can store the 1st group. 
[0068]Since it can be made to evacuate so that a reflector may bend a reflective 
mirror and it may become vertical to a front optic axis at the time of the storage 
when especially a catoptric light study element consists of reflective mirrors which 
gave reflective mirror coating to sheet metalstorage of the 1st group is possible 



for not needing a retreat space. 

[0069]In additionone one-sheet lens other than a catoptric light study element 
may be toppled at the time of storageor it may move and storage space may be 
made. 

[0070]When it is what only a coat formed prism in solid form and filled up an inside 
with a fluid etc. and constitutesit is also good to drain an internal fluid and to make 
it thin. 

[0071]The following will become possible if an optical system using a catoptric 
light study element is used. 

[0072]As a most outstanding applicationit is the TTL single lens reflex camera 
optical system united with a finder of a porro method. 
[0073] For examplethe 2nd reflector (time sharing or amplitude splitting is 
[ anything ] also good) that divides an optical path also into the abbreviated right- 
angle side to a flat surface including an optic axis before and behind reflection with 
a catoptric light study element is established between a photographing optical 
system and an image sensor containing a catoptric light study elementlt is what 
established the 3rd reflector that has a normal which is in an approximately same 
flat surfaceand is an abbreviated right angle to a normal of the 2nd reflector along 
with the reflection sideand established the 4th reflector further so that an optical 
path after reflection might eject to an optic axis by the side of incidence of the 
photographing optical systemand abbreviated parallel. This contributes to slimming 
down of a camera greatly. 

[0074]As the 2nd applicationrather than a catoptric light study element and itthe 
neighborhood of an entrance pupil position of a photographing optical system can 
be rotated for an optical system by the side of an object to a center of 
rotationand bearing of the exposure axis can be changed. Or optical blurring 
amendment is also possible. 
[0075] 

[Embodiment of the Invention]HereafterExamples 1-12 of the optical-path bending 
zoom optical system used for the electronic imaging device of this invention are 
described. The tele edge at the time of the infinite distance object point focus of 
these examples (a)an intermediate state (b)and the lens sectional view in a wide 
angle end (c) are shown in drawing 1 - drawing 1 2 respectively. the inside of each 
figureand the 1st group — G1 and the one to 1st groups — G1-1 and the one to 
2nd groups — G1-2 and the 2nd group — G2 and the 3rd group — G3 and the 4th 
group — G4 and the 5th group — G5 and optical-path bending prism — P. As for 
an aperture diaphragmS and a near-infrared cut-off filter IF and a near-infrared 
cut coated surface (when independent) ICThe cover glass of CCD whose low pass 
filters are LF and an electronic image sensor CGI has shown the image surface of 
CCD and near-infrared cut-off filter IF arranged sequentially from the object 
sidelow pass filter LFcover glass CG or near-infrared cut coated surface IClow 
pass filter LFand cover glass CG are placed in a fixed position between the last 
group and the image surface I. 

[0076]As shown in drawing 1t he optical-path bending zoom optical system of 



Example 1 1 to 1st group G1-1 which consists of the optical-path bending prism P 
equivalent to a bi-concave negative lensl to 2nd group G1-2 which consist of 
biconvex plus lensesthe 2nd group G2 that consists of an aperture diaphragm and 
a biconvex plus Iens3rd group G3 which consists of a biconvex plus lensa 
cemented lens of a bi-concave negative lensand a biconvex plus lensWhen 
consisting of the 4th group G4 that is from the negative meniscus lens of a convex 
on an object sideand the 5th group G5 that consists of biconvex plus lenses and 
carrying out variable power to a tele edge from a wide angle endl ** extends the 
interval of a betweenthe 2nd group G2 and 3rd group G3 move to the object side 
with slight straitness behindand the 4th group G4 moves to the object 
sideextending an interval with 3rd group G3. 

[0077]The aspheric surface is used for the 4th page of the fields by the side of 
the field by the side of the field by the side of the object of the biconvex plus lens 
of 1 to 2nd group G1-2the field by the side of the object of the biconvex plus lens 
of the 2nd group G2and the image surface of the negative meniscus lens of the 
4th group G4and the image surface of the biconvex plus lens of the 5th group G5. 
[0078] 1 to 1st group G1-1 which consists of the optical-path bending prism P 
equivalent to a bi-concave negative lens as the optical-path bending zoom optical 
system of Example 2 is shown in drawing 2 1 to 2nd group G1-2 which consist of 
biconvex plus lensesaperture-diaphragm S which moves independentlylt consists 
of the 2nd group G2 that is from the negative meniscus lens of a convex on a 
biconvex plus lens and object side at the positive meniscus lens [ of a convex ]and 
object side3rd group G3 which is from the negative meniscus lens of a convex on 
a biconvex plus lens and image surface sideand the 4th group G4 that is from the 
positive meniscus lens of a convex on an object sideWhen carrying out variable 
power to a tele edge from a wide angle endthe 2nd group G4 and 3rd group G3 
move to the object sideextending an interval mutually. Aperture-diaphragm S 
arranged between 1 to 2nd group G1-2 and the 2nd group G4 also moves the 
interval between 1 to 2nd group G1-2and the 2nd group G4 to the object side with 
slight straitness. 

[0079]an aspheric surface — the field by the side of the object of the biconvex 
plus lens of 1 to 2nd group G1-2and the 2nd group G2 — it is most used for the 
3rd page of the field by the side of an objectand the fields by the side of the 
object of the positive meniscus lens of the 4th group G4. 

[0080]As shown in drawing 3 the optical-path bending zoom optical system of 
Example 31 to 1st group G1-1 which is from the optical-path bending prism P 
equivalent to the negative meniscus lens of a convexand a plane-parallel plate on 
an object sideThe 2nd group G2 that consists of 1 to 2nd group G1-2 and the 
aperture diaphragm which consist of a bi-concave negative lens and a biconvex 
plus lensand a biconvex plus Iens3rd group G3 which is from the negative 
meniscus lens of a convex on a biconvex plus lens and object side at the negative 
meniscus lens [ of a convex ]biconvex plus lensand image surface sideWhen 
consisting of the 4th group G4 that is from the positive meniscus lens of a convex 
on an image surface side and carrying out variable power to a tele edge from a 



wide angle endl ** extends the interval of a between and the 2nd group G2 and 
3rd group G3 move it to the object side with slight straitness behind. 
[0081]The aspheric surface is used for the field by the side of the object of the 
biconvex plus lens of 1 to 2nd group G1-2and the 3rd page of 3rd group G3 that is 
a field by the side of an objectand a field by the side of the object of the positive 
meniscus lens of the 4th group G4 most. 

[0082]As shown in drawing 4t he optical-path bending zoom optical system of 
Example 4The 2nd group G2 that is from the negative meniscus lens of a convex 
on a 1 to 2nd group G1-2 and aperture diaphragmbiconvex plus lensbiconvex plus 
lensand object side[ which consist of 1 to 1st group G1-1 which is from the 
optical-path bending prism P equivalent to the negative meniscus lens of a convex 
and a plane-parallel plate on an object sidea bi-concave negative lensand a 
biconvex plus lens ] When consisting of 3rd group G3 which is from the positive 
meniscus lens of a convex on an object sideand the 4th group G4 that is from the 
positive meniscus lens of a convex on an image surface side and carrying out 
variable power to a tele edge from a wide angle endl ** extends the interval of a 
between and the 2nd group G2 and 3rd group G3 move it to the object side with 
slight straitness behind. 

[0083]The aspheric surface is used for the 3rd pagethe field by the side of the 
object of the biconvex plus lens of 1 to 2nd group G1-2the field by the side of the 
object of the biconvex plus lens after a diaphragm of the 2nd group G2and the 
field by the side of the object of the positive meniscus lens of the 4th group G4. 
[0084]As shown in drawing 5 the optical-path bending zoom optical system of 
Example 5The 1st group G1 that is from the optical-path bending prism P 
equivalent to the negative meniscus lens of a convexand a plane-parallel plate to 
the positive meniscus lens [ of a convex ]and object side on an object sidethe 2nd 
group G2 that consists of an aperture diaphragm and a biconvex plus Iens3rd 
group G3 which consists of a biconvex plus lensa cemented lens of a bi-concave 
negative lensand a biconvex plus lensWhen consisting of the 4th group G4 that is 
from the negative meniscus lens of a convex on an object sideand the 5th group 
G5 that is from the positive meniscus lens of a convex on an object side and 
carrying out variable power to a tele edge from a wide angle endBy 1 ** extending 
the interval of a betweenas for the 2nd group G2 and 3rd group G3behindwhile 3rd 
group G3 and the 4th group G4 extend the interval of a between with slight 
straitnessit moves to the object side and the 5th group G5 moves to the image 
surface side a little. 

[0085]The aspheric surface is used for the 4th page of the fields by the side of 
the field by the side of the field by the side of the image surface of the biconvex 
plus lens of the 1st group G1the field by the side of the object of the biconvex 
plus lens of the 2nd group G2and the image surface of the negative meniscus lens 
of the 4th group G4and the image surface of the positive meniscus lens of the 5th 
group G5. 

[0086]The 1st group G1 and aperture diaphragm which consist of the optical-path 
bending prism P equivalent to a biconvex plus lensa bi-concave negative lensand a 



plane-parallel plate as the optical-path bending zoom optical system of Example 6 
is shown in drawing 6 It consists of the 2nd group G2 that is from the cemented 
lens of the negative meniscus lens of a convex on a biconvex plus lens and image 
surface side3rd group G3 which is from the negative meniscus lens of a convex on 
an object sideand the 4th group G4 that consists of biconvex plus lensesWhen 
carrying out variable power to a tele edge from a wide angle endthe 2nd group G2 
and 3rd group G3 move to the object sideextending the interval of a betweenand 
the 4th group G4 moves to the object side a little by the looking-far sidedrawing 
the locus of a convex on the image surface side. 

[0087]an aspheric surface — the field by the side of the object of the bi-concave 
negative lens of the 1st group Gland the 2nd group G2 — it is most used for the 
3rd page of the fields by the side of the field by the side of an objectand the image 
surface of the negative meniscus lens of 3rd group G3. 

[0088] 1 to 2nd group G1-2 and the aperture diaphragm which consist of 1 to 1st 
group G1-1 which is from the optical-path bending prism P equivalent to the 
negative meniscus lens of a convexand a plane-parallel plate on an object sidea 
bi-concave negative lensand a biconvex plus lens as the optical-path bending 
zoom optical system of Example 7 is shown in drawing 7 and a biconvex plus lenslt 
consists of the 2nd group G2 that serves as a cemented lens of the negative 
meniscus lens of a convex from two negative meniscus lenses of a convex at the 
biconvex plus lens and image surface side at the object side3rd group G3 which is 
from the positive meniscus lens of a convex on an image surface sideand the 4th 
group G4 that is from the positive meniscus lens of a convex on an image surface 
sideWhen carrying out variable power to a tele edge from a wide angle endl ** 
extends the interval of a between and the 2nd group G2 and 3rd group G3 move to 
the object side with slight straitness behind. 

[0089]an aspheric surface — the field by the side of the image surface of the 
negative meniscus lens of 1 to 1st group G1-1and the 2nd group G2 — it is most 
used for the 3rd page of the field by the side of an objectand the fields by the side 
of the object of the positive meniscus lens of the 4th group G4. 
[0090]As shown in drawing 8t he optical-path bending zoom optical system of 
Example 81 to 2nd group G1-2 and the aperture diaphragm which are from the 
positive meniscus lens of a convex on a 1 to 1st group G1-1 and bi-concave 
negative lensand object sideand a biconvex plus lens[ which are from the optical- 
path bending prism P equivalent to the negative meniscus lens of a convexand a 
plane-parallel plate on an object side ] It consists of the 2nd group G2 that 
consists of a cemented lens of a biconvex plus lens and a bi-concave negative 
Iens3rd group G3 which is from the positive meniscus lens of a convex on an 
image surface sideand the 4th group G4 that is from the positive meniscus lens of 
a convex on an image surface sideWhen carrying out variable power to a tele edge 
from a wide angle endl ** extends the interval of a between and the 2nd group G2 
and 3rd group G3 move to the object side with slight straitness behind. 
[0091]an aspheric surface — the field by the side of the object of the negative 
meniscus lens of 1 to 1st group G1-1and the 2nd group G2 — it is most used for 



the 3rd page of the fields by the side of the field by the side of an objectand the 
image surface of the positive meniscus lens of the 4th group G4. 
[0092]As shown in drawing 9 the optical-path bending zoom optical system of 
Example 9The 2nd group G2 that is from 1 to 2nd group G1-2 and the aperture 
diaphragm which are from the positive meniscus lens of a convex on a negative 
meniscus lens [ of a convex ]and object sideand a biconvex plus lens on a 1 to 1st 
group G1-1 which is from optical-path bending prism P equivalent to negative 
meniscus lens [ of a convex ]and plane-parallel plate on object sideand object 
sidelt consists of 3rd group G3 which is from the negative meniscus lens of a 
convexand the cemented lens of a biconvex plus lens and a bi-concave negative 
lens on a biconvex plus lens and object sideand the 4th group G4 that is from the 
positive meniscus lens of a convex on an image surface sideWhen carrying out 
variable power to a tele edge from a wide angle endl ** extends the interval of a 
between and the 2nd group G2 and 3rd group G3 move to the object side with 
slight straitness a little behind. 

[0093]an aspheric surface — the field by the side of the image surface of the 
negative meniscus lens of 1 to 2nd group G1-2and the 3rd group G2 — it is most 
used for the 3rd page of the field by the side of an objectand the fields by the side 
of the object of the positive meniscus lens of the 4th group G4. 
[0094]As shown in drawing IQt he optical-path bending zoom optical system of 
Example 101 to 2nd group G1-2 and the aperture diaphragm which are from the 
positive meniscus lens of a convex on a negative meniscus lens [ of a convex ]and 
object side at the 1 to 1st group G1-1 which is from optical-path bending prism P 
equivalent to negative meniscus lens [ of a convex ]and plane-parallel plate on 
object sideand object sideAt the positive meniscus lens [ of a convex ]and object 
side to the 2nd group [ that is from the cemented lens of the negative meniscus 
lens of a convex on a biconvex plus lens and image surface side ] G2and object 
side The negative meniscus lens of a convexWhen consisting of 3rd group G3 
which consists of a cemented lens of a biconvex plus lens and a bi-concave 
negative lensand the 4th group G4 that is from the positive meniscus lens of a 
convex on an image surface side and carrying out variable power to a tele edge 
from a wide angle endl ** extends the interval of a between and the 2nd group G2 
and 3rd group G3 move it to the object side with slight straitness behind. 
[0095]an aspheric surface — the field by the side of the image surface of the 
negative meniscus lens of 1 to 2nd group G1-2and the 3rd group G2 — it is most 
used for the 3rd page of the field by the side of an objectand the fields by the side 
of the object of the positive meniscus lens of the 4th group G4. 
[0096]As shown in drawing 1 1t he optical-path bending zoom optical system of 
Example 1 1 1 to 2nd group G1-2 and the aperture diaphragm which are from the 
positive meniscus lens of a convex on a negative meniscus lens [ of a convex ]and 
object side at the 1 to 1st group G1-1 which is from optical-path bending prism P 
equivalent to negative meniscus lens [ of a convex ]and plane-parallel plate on 
object sideand object sideTo the 2nd group [ that is from the cemented lens of 
the negative meniscus lens of a convex on a biconvex plus lens and image surface 



side ] G2and object sidethe positive meniscus lens of a convexWhen consisting of 
3rd group G3 which consists of a cemented lens of a convex-piano positive lens 
and a **** negative lensand the 4th group G4 that consists of biconvex plus 
lenses and carrying out variable power to a tele edge from a wide angle end3rd 
group G3 extends 1 ** and the 2nd group G2 moves the interval of a between to 
the object side with slight straitness behind. 

[0097]The aspheric surface is used for the 3rd page of the fields by the side of 
the field by the side of the image surface of the negative meniscus lens of 1 to 
2nd group G1-2the field by the side of the object of the positive meniscus lens of 
3rd group G3and the image surface of the biconvex plus lens of the 4th group G4. 
[0098]As shown in drawing 12t he optical-path bending zoom optical system of 
Example 121 to 1st group G1-1 which consists of the optical-path bending prism 
P equivalent to a concave-flat negative lensl to 2nd group G1-2 which are from 
the cemented lens of the positive meniscus lens of concave on an object side at 
the negative meniscus lens [ of concave ]and object sideand an aperture 
diaphragmlt consists of 3rd group G3 which consists of a biconvex plus lensand 
the 2nd group G2 that is from the cemented lens of the negative meniscus lens of 
a convex on a positive meniscus lens [ of a convex ]and object side at the object 
side and a biconvex plus lensand the 4th group G4 that is from the positive 
meniscus lens of a convex on an image surface sideWhen carrying out variable 
power to a tele edge from a wide angle endl ** extends the interval of a between 
and the 2nd group G2 and 3rd group G3 move to the object side with slight 
straitness behind. 

[0099]an aspheric surface — the field by the side of the object of the optical-path 
bending prism P of 1 to 1st group G1-1and the 2nd group G2 — it is most used 
for the 3rd page of the fields by the side of the field by the side of an objectand 
the image surface of the positive meniscus lens of the 4th group G4. 
[01 00] Although the digital data of each above-mentioned example is shown 
belowA field angle and F NO f a whole system focal distance and 2 omega outside 
the above [ a sign ] The f numberAs for a wide angle end and STa tele edger,and 
r 2 — for WE an intermediate state and TE The curvature radius of each lens sideAs 
for d, and d 2 — the refractive index of d line of each lensnu dl and nu d2 — of the 
interval between each lens siden d1 and n d2 — are the Abbe numbers of each lens. 
Aspherical surface shape uses x as the optic axis which made the direction of 
movement of light positiveand when y is taken in the direction which intersects 
perpendicularly with an optic axisit is expressed with the following formula. 
[0101]1+{1-(K+O (y/r) 2 } 1/x=(y2/r)/[2 ]+A 4 y 4 +A 6 y 6 +A 8 y 8 +A 10 y 10 — howeverAs for a 
paraxial curvature radius and Ka constant of the coneA 4 A 6 A 8 and A 10 of r are the 
4th aspheric surface coefficients [ 6th / 8th / 10th Respectively. 
[0102] 

Example lr^-26.8147. d,= 3.8000 n dl =1. 73400 nu dl =51.47 r 2 = infinity (reflector) d 2 = 
3.2000 n d2 =1. 73400 nu d2 =51.47. r 3 = 6.2254 d 3 =. 1.7202 r 4 = 424.9864 (aspheric 
surface). d 4 = 2.4297 n d3 =1 .84666nu d3 =23.78 r 5 =-48.1247 d 5 = (variable) r 6 = infinity 
(diaphragm) d 6 = 0.5000. r 7 = 17.8731 (aspheric surface). d 7 = 2.0000 n d4 =1.58913 



nu d4 =61.26 r 8 =-1 6.6911 d 8 = (variable) r 9 = 7.9903 d 9 = 6.2379. n d5 =1 .48749 nu d5 =70.23 
r 10 =-1 4.7007 d 10 = 0.8488 n d6 =1 .84666 nu d6 =23.7. 8 r„= 7.0178 d„=. 1.1903 r 12 = 
11.2307. d 12 = 1.6307 n d7 =1. 84666 nu d7 =23.78r 13 =-24.5400 d 13 = (variable) r 14 = 18.1763 
d 14 =. 0.5000 n d8 =1 .84666. nu d8 =23.78 r 15 =. 5.91 10 (aspheric surface) d 15 =. (Variable) 
r 16 = 14.1876. d 16 = 3.0000 n d9 =1.58913 nu d9 =61.26 r 17 =-7.1178 (aspheric surface) d 17 = 
0.5006 r 18 = infinity d )8 =. 0.8000 n d10 =1.51633. nu d10 =64.14 r 19 =. infinity d 19 = 1.8000 
n dl ,=1.54771 nu d1 ,=62.84 r 20 = infinity d 20 = 0.5000 r 21 =infinity d 21 = 0.5000 n. 
d12 =1 .51 633 nu d12 =64.14 r 22 = infinity d 22 = 1.1914 r 23 = infinity (image surface) The 4th 
page of aspheric surface coefficient K = 0.0195 A 4 =. 5.41 11 x10~ 4 A 6 =. 2.1984 x10" 
6 A 8 =. 4.5957 The 7th page of x10 " 7 A, 0 =-1.0754 x10 " 8 K= 5.8821 A 4 =-2.7575 x10 " 
4 A 6 = 5.8194 x10 _6 A 8 =-7.9649. x10 " 7 A 10 = 3.4848. The 15th page of x10 " 8 K =- 
3.6043. The 17th page of A 4 = 2.6150 x10 - 3 A 6 =-8 5623 x10 - 6 A 8 =-2.8972 x10 " 6 A, 0 = 
1.5174 x10 " 7 K =. [ 0.8882 ] A 4 = 1.1140 x10 " 3 A 6 =-8.5962 x10 " 6 A 8 = 3.9677 x10 " 
7 A, 0 = 3.1086 x10~ 8 zoom data (infinity) 

WE ST TEf (mm) 4.59000. 8.95000 13.23000 F N0 2.8316 3.8724 4.64382 omega 
(degree) 65.5 34.0 23.0 d 5 1 2.93741 5.34873 2.00000 d 8 2.61607. 2.85689 0.50000 
d l3 1. 09671 5.22639 10.38165 d, 5 1.00016 4.21405 4.71724. 
[0103] 

Example 2r,=-1 29.7294. d,= 4.5500 n d ,=1. 80400 nu d ,=46.57 r 2 = infinity (reflector) 
d 2 = 4.0019 n d2 =1 .80400 nu d2 =46.57. r 3 = 5.3898 d 3 =. 1.6465 r 4 = 30.0332 (aspheric 
surface). d 4 = 1.4609 n d3 =1. 84666 nu d3 =23.78 r 5 =-35.8611 d s = (variable) r 6 = infinity 
(diaphragm) d 6 = (variable). r 7 = 9.6063(aspheric surface)d 7 =. 2.7296 n d4 =1 .48749. 
n Ud4 =70.23 r 8 =. -30.8421 d 8 = 0.1469. r 9 = 10.1172 d 9 = 2.1277 n d5 =1 .69680 nu d5 =55.53 
r, 0 = 97.1974 d 10 = 0.0500 r„= 12.1982 d„= 0.7. 949 n d6 =1. 84666. nu d6 =23.78 r, 2 =. 
5.7271 d, 2 = (variable). r 13 = 14.2960 d, 3 =. 4.0342 n d7 =1. 48749. nu d7 =70.23 r 14 =. - 
15.7323 d 14 = 0.1401. r l5 =-1 8.5671 d, 5 =. 1.1241 n d8 =1. 84666. nu d8 =23.78 r, 6 =. - 
29.8834 d 16 = (variable). r, 7 = 46.3841 (aspheric surface). d 17 = 1.1752 n d9 =1.58913 
nu d9 =61.26 r 18 = 541.6142 d, 8 = 0.4453 r 19 = infinity d, 9 = 0.8000. n dl0 =1.51633 
nu d10 =64.14 r 20 = infinity d 20 = 1.8000 n d „=1 .54771 nu dl1 =62.84 r 21 = infinity d 2) = 0. 5000 
r 22 = infinity d 22 =. 0.5000 n d12 =1.51633. nu d12 =64.14 r 23 =. infinity d 23 = 1.2588 r 24 =. 
infinity (image surface) Aspheric surface coefficient The 4th page K =42.6072A 4 = 
4.5281 x10 " 4 A 6 =-1.2752 x 10 " 6 A 8 = 2.9327 x10 - 7 A I0 =. 0 The 7th page K = 0 A 4 =- 
2.9136. x10 -*A 6 =-^.^5^^. x10 " 7 A 8 = 2.4221. x10 " 8 A 10 = 0 The 17th page K = 0 A 4 =- 
8.0585 x10 " 4 A 6 = 1-7583 x10 " 5 A 8 =-1.1309 x10 " 6 A 10 = 0 zoom data (infinity) 
WE ST TEf (mm) 4.71141. 7.84455 13.21508 F NO 2.8000 3.6612 5.06502 omega 
(degree) 67.8 41.2 24.8 d 6 7.09024 5.59391 1.24849 d 12 3.08267. 9.70509 10.04403 
d 16 0.98577 1.28696 8.72623. 
[0104] 

Example 3r,= 22.0799. d,= 0.7823 n d1 =1 .80400 nu dl =46.57 r 2 = 7.0105 d 2 = 1.1905 r 3 = 
infinity d 3 = 3.8000 n d2 =1 .80400. nu d2 =46.57 r 4 =. infinity (reflector) d 4 = 3.4483. 
n d3 =1 .80400 nu d3 =46.57 r 5 = infinity d 5 = 0.4000 r 6 =-43.4610 d 6 = 0.7742 n d4 =1. 77250. 
nu d4 =49.60 r 7 =. 9.6384 d 7 = 0.6369. r 8 = 19.1908 (aspheric surface). d 8 = 1.6810 
n d5 =1. 84666 nu d5 =23.78 r 9 =-40.1274 d 9 = (variable) r 10 = infinity(diaphragm) d, 0 = 
0.5000. r„= 85.1662 d„= 1.5117 n d6 =1.589. 13 nu d6 =61.26 r, 2 =. -18.3807 d 12 = 



(variable). r 13 = 5.5347 (aspheric surface). d 13 = 2.9473 n d7 =1. 48749 nu d7 =70.23 r 14 =- 
102.8346 d H = 0.1500 r 15 = 68.5128 d 15 =. 3.4582 n d8 =1 .84666. nu d8 =23.78r, 6 =. 5.6774 
d 16 = 2.1376. r 17 = 7.8453 d 17 =. 2.3148 n d9 =1. 60542. nu d9 =45.99 r )8 =. -12.6010 d, 8 = 
0.5441. r 19 =-6.0465 d, 9 =. 0.7255 n d10 =1 .61 800. nu d10 =63.33 r 20 =-17.9513 d 20 = 
(variable) d 2 ,= 1.4117 n d11 =1.58913 nu dlr21= . 172238 (a5pheriesurface ) ,=61.26 r 22 =-9.8048. d 22 = 
0.5599 r 23 =. infinity d 23 = 0.8000 n d12 =1.51633 nu d12 =64.14 r 24 = infinity d 24 = 1.8000 
n d13 =1 .54771 nu dl3 =62.84r 25 =. infinity d 25 = 0.5000 r 26 =. infinity d 26 = 0.5000 
n d14 =1.51633 nu dl4 =64.14 r 27 = infinity d 27 = 1.3641 r 28 = infinity (image surface) 
Aspheric surface coefficient The 8th page . K = 1.5876 A 4 = 2.6616. x10 " 4 A 6 = 
3.3939. x10 _6 A 8 =-1 .0023. x10 " 7 A 10 = 0 — the 13th page . K = 0 A 4 =-2.7230 x10 " 
4 A 6 =-5.7432 x10 - 6 A 8 =-3.4301 x10 " 7 A 10 = 0 The 21st page K = 0 A 4 =-8.9975. x10 " 
4 A 6 =-1.8358 x10 ~ 5 A 8 = 1.4143 x10 " 6 A, 0 = 0 zoom data (infinity) 
WE ST TEf (mm) 4.60758. 7.85021 13.40785 F NO 2.8000 3.4489 4.61872 omega 
(degree) 65.3 39.0 22.9 d 9 1 4.7521 2 6.67783 2.00000 d 12 0.67500. 4.26744 1.54139 
d 20 1. 35767 6.03580 13.51290. 
[0105] 

Example 4r,= 29.0184. d,= 0.7437 n d1 =1 .80400 nu d1 =46.57 r 2 = 7.3275 d 2 = 1.3049 r 3 = 
infinity d 3 = 4.0000 n d2 =1 .80400. nu d2 =46.57 r 4 =. infinity (reflector) d 4 = 3.5133. 
n d3 =1 .80400 nu d3 =46.57 r 5 = infinity d 5 = 0.3000 r 6 =-31.2038 d 6 = 0.7673 n d4 =1 .80400. 
nu d4 =46.57 r 7 =. 15.2085 d 7 = 1.5760. r 8 = 33.1818 (aspheric surface). d 8 = 1.5628 
n d5 =1 .84666 nu d5 =23.78 r 9 =-29.4113 d 9 = (variable) r 10 = infinity(diaphragm) d, 0 = 
0.5000. r„= 20.3172 (aspheric surface) d,,= 1.9876 n d6 . = 1.58913 nu d6 =61.26. r )2 =- 
14.3558 d, 2 =. 0.1387 r 13 = 7.0863. d 13 = 2.5021 n d7 =1. 48749 nu d7 =70.23 r 14 =-521 .1337 
d 14 = 0.0001 r 15 = 217.6721 d 15 =. 5.9501 n d8 =1 .84666. nu d8 =23.78 r 16 =. 4.5340 d 16 = 
(variable). r 17 = 10.1062 d 17 =. 1.8686 n d9 =1 .60300. nu d9 =65.44r, 8 =. 46.5940 d 18 = 
(variable). r 19 =-22.5387 (aspheric surface). d 19 = 2.3721 n d10 =1.58913 nu d10 =61.26 
r 20 =-5.8538 d 20 = 0.4297 r 2 ,= infinity d 2 ,=. 0.8000 n dn =1.51633 nu d11 =6. 4.14 r 22 = 
infinity d 22 =. 0.8000 n d12 =1. 54771 . nu d12 =62.84 r 23 =. infinity d 23 = 0.5000 r 24 =. infinity 
d 24 = 0.5000 n d13 =1.51633 nu d13 =64.14 r 25 = infinity d 25 = 1.3824 r 27 = infinity (image 
surface) Aspheric surface coefficient The 8th page . K = 1.9221 A 4 = 1.0674. x10 
4 A 6 = 7.5509. x10 _7 A 8 =-6.9692. x10 " 8 A 10 = 0 — the 1 1th page . K = 0 A 4 =-1.4582. 
x10 " 4 A 6 = 4.2034. x10 " 8 A 8 = 1.1204. x10 _8 A 10 = 0 The 19th page K = 0 A 4 =-1.8514 
x10 ~ 3 A 6 = 6.5803 x10 " 6 A 8 =-9.0686 x10 " 7 A 10 = 0 zoom data (infinity) 
WE ST TEf (mm) 4.65117. 7.85007 13.29161 F NO 2.5000 3.4944 4.83372 omega 
(degree) 68.4 41.7 24.7 d 9 1 3.35295 7.17214 2.00000 d 16 1. 22323. 4.89168 2.01917 
d, 8 0.94992 3.89804 12.56077. 
[0106] 

Example 5r,= 15.9959. d,= 2.0000 n dl =1 .84666 nu d1 =23.78 r 2 = 17.9366 (aspheric 
surface) d 2 = 0.8000 r 3 = 122.3665 d 3 =. 1.0000 n d2 =1.72916. nu d2 =54.68 r 4 =. 6.1500 d 
1.9000. r 5 = infinity d 5 = 4.1000. n d3 =1 .56883 nu d3 =56.36 r 6 = infinity (reflector) d 6 = 
3.9000 n d4 =1. 56883 nu d4 =56.36 r 7 = infinity d 7 =. (Variable) r 8 = infinity (diaphragm) d t 
0.5928 r 9 = 14.1418 (aspheric surface). d 9 = 3.0000 n d5 =1. 80610 nu d5 =40.92 r 10 =- 
138.1914 d 10 = (variable) r„= 9.2691 d,,= 3.2000 n d6 =. 1.48749 nu d6 =70.23. r 12 =- 
18.4588 d 12 =. 1.0064 n d7 =1. 84666. nu d7 =23.78r l3 =. 7.4386 d 13 = 0.5000. r 14 = 9.1725 d 



2.4000 n d8 =1.80518. nu d8 =25.42 r ls =. -16.4170 d 15 = (variable). r 16 = 44.61 19 d 16 =. 
0.8000 n d9 =1. 84666. nu d9 =23.78 r 17 =. 8.9511 (aspheric surface) d 17 =. (Variable) r 18 = 
11.2550. d 18 = 2.6000 n d10 =1 .58913 nu d10 =61.26 r 19 = 673.2282 (aspheric surface) d 19 = 
(variable) r 20 = infinity d 20 =. 1.5000 n d11 =1.51633 nu d11 =64.14 r 21 = infinity d 21 = 1.4400 n 
d12 =1. 54771 nu d12 =62.84 r 22 = infinity d 22 = 0.8000 r 23 = infinity d 23 = 0.8000 n d13 =1.51633. 
nu d13 =64.14 r 24 =. infinity d 24 = 1.0000 r 25 =. infinity (image surface) Aspheric surface 
coefficient The 2nd page K =. 0 A 4 =-2.1855 x10 ~ 4 A 6 = 3.4923 x10 " 7 A 8 = 0 A io= 0 
The 9th page K = 5.1530 A 4 =-2.4340 x10 ' 4 A 6 =-7.4872. x10 " 6 A 8 = 2.0515. x10 " 
7 A 10 =-1.0188. The 17th page of x10 " 8 K =-3.7152. The 19th page of A 4 = 1.2209 x10 
-3A 6 =-1.7576 x10 " 5 A 8 = 2.5810 x10 - 6 A, 0 =-1.2193 x10 " 7 K =. [ 1.4583 ] A 4 =-1.5578 
x10 ~ 4 A 6 =-1. . 1072 x1 ° " 5A 8= 5.6481 x10 " 7 A 10 =-8.6742 xlO " 9 zoom data (infinity) 
WE ST TEf (mm) 5.43000. 10.61200 15.80000 F no 2.7116 3.7726 4.52932 omega 
(degree) 63.5 35.7 24.5 d 7 1 3.1 2435 4.47821 0.50000 d 10 0.81880. 1.71785 0.50000 
d 15 0.60000 2.00387 4.09707 d 17 1. 40000 8.20925 11.93740 d 19 2.71758 2.25155 
1.62627. 
[0107] 

Example 6r,= 49.3427. d,= 2.0000 n d1 =1. 84666 nu dl =23.78 r 2 =-1 15.4656 d 2 = 0.4000 
r 3 =-52.5304 (aspheric surface) d 3 =. 1.0000 n d2 =1. 69350. nu d2 =53.21 r 4 =. 5.8428 d 4 = 
1.8000r 5 =. infinity d 5 = 4.0000 n d3 =1. 56883 nu d3 =56.36 r 6 = infinity (reflector) d 6 = 
3.8000 n d4 =1. 56883 nu d4 =56.36. r 7 = infinity d 7 = (variable). r 8 = infinity (diaphragm) d 8 =. 
0.6000 r 9 = 8.0295 (aspheric surface). d 9 = 2.8000 n d5 =1. 69350 nu d5 =53.21 r, 0 =-5.9145 
d 10 = 0.8000 n d6 =1 .80440 nu d6 =39.59 r„= -. 12.3640 d„= r(variable) 12 = 26.8805 d 12 = 
0.8000 n d7 =1. 84666 nu d7 =23.78 r 13 = 7.1849 (aspheric surface). d 13 = (variable) r 14 =. 
10.7803 d 14 = 3.1000. n d8 =1. 48749 nu d8 =70.23 r 15 =-52.9481 d 15 = (variable) r 16 = infinity 
d l6 = 1.5000 n d9 =1.51633. nu d9 =64.14 r 17 =. infinity d 17 = 1.4400 n d10 =1 .54771 
nu d10 =62.84 r 18 = infinity d 18 = 0.8000 r 19 = infinity d 19 = 0.8000. n d1 ,=1.51 633 nu d11 =64.14 
r 20 = infinity d 20 = 1.0000 r 21 = infinity(image surface) K = 0 A 4 = 2.6048 x 1 0~ 4 A Aspheric 
surfa ce ^.ot The 3r d Pag e6=-3.2365 x1 0 " 6 A 8 =. 2.2913 x10- 8 A 10 =. 0 The 9th page K = 0 
A 4 =-3.0615. x10 " 4 A 6 =-2.0330. x10 - 6 A 8 =-1.0403. x10 _7 A 10 = 0 — the 13th page . K 
=-3.5241 A 4 = 1.8328 x10 - 3 A 6 =-1-6164 x10 ' 5 A 8 = 3.5495 x10 " 6 A 10 =-1 .2410 x10 ' 7 
zoom data (infinity) 

WE ST TEf (mm) 5.38001. 8.50001 13.45001 F NO 3.0358 3.8702 4.56062 omega 
(degree) 65.8 43.8 28.4 d 7 1 1.53527 6.15290 0.50000 d„2.10162. 2.49863 3.68430 
d, 3 3.96820 9.09478 10.56416 d 15 1. 75491 1.61369 4.61155. 
[0108] 

Example 7r,= 21.0760. d,= 1.4000 n d1 =1 .74320 nu d1 =49.34 r 2 = 7.9352(aspheric 
surface)d 2 = 2.8000 r 3 = infinity d 3 = 6.5000. n d2 =1. 56883 nu d2 =56.36 r 4 = infinity 
(reflector) d 4 = 6.0000 n d3 =1 .56883 nu d3 =56.36 r 5 = infinity d 5 =. 0.8000 r 6 =-1 8.8610. 
d 6 = 0.8000 n d4 =1.72916 nu d4 =54.68 r 7 = 29.7460 d 7 = 0.5273 r 8 = 25.1850 d 8 = 1.9000. 
n d5 =1 .84666 nu d5 =23.78 r 9 =-121.8149 d 9 = (variable) r 10 = infinity (diaphragm) d 10 = 
0.8000 r„=. 11.8772 (aspheric surface) d„= 1.9992 n d6 =1.49700 nu d6 =81.54. r 12 =- 
22.2117 d 12 =. 0.3000 r 13 = 8.0295. d 13 = 1.9997 n d7 =1. 48749 nu d7 =70.23 r 14 =-1 6.2855 
d 14 = 0.7997 n d8 =1 .64769 nu d8 =33.79. r )5 =-52.6732 d 15 =. 0.3000 r 16 = 7.3242. d 16 = 
1.3308 n d9 =1 .84666 nu d9 =23.78 r 17 = 4.4772 d 17 = 1.2000 r 18 = 17.2769 d, 8 =. 1.1317 



n d10 =1 .80610. nu dl0 =40.92 r 19 =. 6.2199 d 19 = (variable) r 20 = 9.0812 d 20 = 2.0000 
n d11 =1.61800 nu d11 =63.33 r 21 = 19.8406 d 2) = (variable.) r 22 =-34.2139 (aspheric 
surface). d 22 = 2.0000 n d12 =1.58313 nu d12 =59.38 r 23 =-9.7728d 23 = 1.0032 r 24 = infinity 
d 25 = 1.4400. n d13 =1.54771 nu dl3 =62.84 r 25 = infinity d 26 = 0.8000 r 26 = infinity d 27 = 0.8000 
n d14 =1.51633. nu dl4 =64.14 r 27 =. infinity d 28 =1.0003 r 28 =. infinity (image surface) 
Aspheric surface coefficient The 2nd page K =. [ 0 ] A 4 =-9.3483 x10 " 5 A 6 = 1 4787 
x10 _7 A 8 =-4.5620 x10 - 8 A 10 = 0 The 1 1th page K = 0 A 4 =-2.6863. x10 - 4 A 6 =-1.0879 
x10 " 7 A 8 = 3.871 1 x10 _9 A 10 = 0 The 22nd page K = 0 A 4 =-4.8081 x1. 0 " 4 A 6 = 
5.9535x10 " 6 A 8 =-1.6767 x10 ~ 7 A 10 = 0 zoom data (infinity) 

WE ST TEf (mm) 5.80000. 9.17005 14.49992 F NO 2.6880 3.4974 4.54022 omega 
(degree) 60.8 40.1 25.4 d 9 1 4.1 0553 7.78994 2.48873 d, 9 1 .54225. 5.16705 2.56297 
d 2 ,2.32790 5.01801 12.92472. 
[0109] 

example 8r,= 16.1825 (aspheric surface). d,= 1.4000 n d1 =1. 80610 nu dl =40.92 r 2 = 
7.3872 d 2 = 3.5000 r 3 = infinity d 3 = 6.5000 n d2 =1. 60311. nu d2 =60.64 r 4 =. infinity 
(reflector) d 4 = 6.0000. n d3 =1 .60311 nu d3 =60.64 r 5 = infinity d 5 = 0.7950 r 6 =-27.1461 d 6 = 
0.8000 nd4 = 1.729 16. nu d4 =54.68 r 7 =. 20.2982 d 7 = 0.5273. r 8 = 17.2255 d 8 =. 1.9000 
n d5 =1. 84666. nu d5 =23.78 r 9 = 90.2451 d 9 = (variable) r 10 = infinity (diaphragm) d 10 = 
0.8000 r,,= 17.0416 (aspheric surface) d,,= 1.9965 n d6 . = 1.56384 nu d6 =60.67. r 12 =- 
13.7245 d 12 =. 0.5000 r 13 = 5.5039. d 13 = 3.7857 n d7 =1. 48749 nu d7 =70.23 r 14 =-38.8943 
d 14 = 0.8000 n d8 =1. 69895 nu d8 =30.13. r 15 = 4.2611 d 15 =. (Variable) r 16 = 16.8715. d 16 = 
2.0000 n d9 =1. 48749 nu d9 =70.23 r, 7 = 96.4706 d 17 = (variable) r 18 =-60.1937 d l8 =. 2.0000 
n dl0 =1 .56384. nu dl0 =60.67 r 19 =. -1 1 .5463 (aspheric surface) d 19 = 1 .0039 r 20 = infinity 
d 20 = 1.4400 n dn =1.54771 nu d11 =62.84 r 21 = infinity d 21 = 0.8000 r. 22 = infinity d 22 = 
0.8000. n d12 =1.51633 nu d12 =64.14 r 23 = infinity d 23 = 1.0021 r 24 = infinity (image surface) 
Aspheric surface coefficient The 1st page K = 0 A 4 = 5.1308. x10 " 5 A 6 = 2.3428. x10 " 
7 A 8 =-3.7916. x10 " 9 A 10 = 7.2819. The 1 1th page of x10 " K =. [ 0 ] The 19th page of 
A 4 =-1.6960 x10 - 4 A 6 =-1.0587 x10 " 6 A 8 = 5.6885 x10 - 8 A 10 =-2.081 6 x10 " 10 K =. 0 A 4 = 
2.9238 x10 " 4 A 6 =-1.4179 x1 ° " 5A 8= 6.7945 x10 _7 A 10 =-1.6439 x10 " 8 zoom data 
(infinity) 

WE ST TEf (mm) 5.80001. 9.17026 14.49938 F N0 2.6926 3.5230 4.51942 omega 
(degree) 61.1 40.1 25.7 d 9 14.09978 8.00554 2.48873 d 15 2.47558. 7.50212 3.24411 
d 17 3.07729 4.13993 13.92316. 
[0110] 

Example 9r,= 21.2658. d,= 1.0000 n dl =1.74100 nu d1 =52.64 r 2 = 8.6245 d 2 = 3.3711 r 3 = 
infinity d 3 = 5.8400 n d2 =1 .80400. nu d2 =46.57 r 4 =. infinity (reflector) d 4 = 5.4952. 
n d3 =1 .80400 nu d3 =46.57 r 5 = infinity d 5 = 0.3221 r 6 = 300.0000 d 6 = 1.0000 n d4 =1. 74320. 
nu d4 =49.34 r 7 =. 15.3314 (aspheric surface) d 7 =. 0.5979 r 8 = 15.8974. d 8 = 1.4903 
n d5 =1 .84666 nu d5 =23.78 r 9 = 43.0822 d 9 = (variable) r, 0 = infinity(diaphragm) d 10 = 0.6000. 
r,,= 63.9771 d„= 1.3913 n d6 =1.618. 00 nu d6 =63.33 r, 2 =. -23.2380 d 12 = (variable). r 13 = 
7.9674 (aspheric surface). d 13 = 2.3478 n d7 =1. 48749 nu d7 =70.23 r, 4 =-68.3182 d, 4 = 
0.1000 r 15 =24.3652 d 15 =. 3.3012 n d8 =1 .84666. nu d8 =23.78 r 16 =. 7.7880 d 16 = 0.2484. r 17 = 
9.2912 d 17 =. 2.1349 n d9 =1.72916. nu d9 =54.68 r 18 =. -19.4929 d 18 =0.7000. n d10 =1.53172 
nu d10 =48.84 r 19 = 5.2999d 19 = (variable) r 20 =-22.5496 (aspheric surface) d 20 =2.5068 



n d1) =1.58913. nu d11 =61.14 r 21 =-6.5395 d 21 = 1.0. 000 r 22 = infinity d 22 =. 1.5000 
n d12 =1.51633. nu d12 =64.14 r 23 =. infinity d 23 = 1.4400 n d13 =1.54771 nu d13 =62.84 r 24 = 
infinity d 24 = 0.8000 r 25 = infinity d 25 = 0.8000. n d14 =1.51633 nu d14 =64.14 r 26 = infinity d 26 = 
1 .0894 r 27 = infinity (image surface) Aspheric surface coefficient The 7th page K = 0 
A 4 =-6.9423. x10 " 5 A 6 = 1-9216. x10 " 7 A 8 =-2.3395. x10 " 8 A 10 = 0 ~ the 13th page . K = 
0 A 4 =-2.1881. x10 - 4 A 6 =-2 0288. x10 - 6 A 8 = 7.6472 x10 10 A 10 = 0 — 20th page K = 0 
A — 4 =-1.0095 x10 " 3 A 6 = 3.4022 x10 _8 A 8 =-1.7. 165 x10 " 7 A 10 = 0 zoom data (infinity) 
WE ST TEf (mm) 5.52179. 7.9681 1 15.98093 F NO 2.4770 2.9873 4.50002 omega 
(degree) 64.5 44.7 22.7 d 9 1 7.73448 10.81643 2.00000 d 12 1 .20000. 3.80000 3.50000 
d 19 2.60300 5.58623 15.86209. 
[0111] 

Example 10r,= 24.8917. d,= 1.0000 n d) =1.74100 nu d1 =52.64 r 2 = 8.0792 d 2 = 2.3760 r 3 = 
infinity d 3 = 5.2400 n d2 =1 .80400. nu d2 =46.57 r 4 =. infinity (reflector) d 4 = 5.0006. 
n d3 =1. 80400 nu d3 =46.57 r 5 = infinityd 5 = 0.2922 r 6 = 300.0000 d 6 = 1.0000 n<J4 =1 .74320. 
nu d4 =49.34 r 7 =. 14.5213 (aspheric surface) d 7 =. 0.1000 r 8 = 14.5896. d 8 = 1.7517 
n d5 =1 .84666 nu d5 =23.78 r 9 = 64.9869 d 9 = (variable) r 10 = infinity(diaphragm) d 10 = 0.6000. 
r„= 33.4595 d„= 1.8985 n d6 =1.618. 00 nu d6 =63.33 r 12 =. -11.1499 d 12 = 0.7000. 
n d7 =1.80518 nu d7 =25.42 r 13 =-20.0542 d 13 = (variable) r 14 = 10.2987 (aspheric surface) 
d 14 = 2.0299 n d8 =1 .48749. nu d8 =70.23 r 15 =. 18890.0000 d 15 =. 0.1000 r, 6 = 19.8062. d 16 = 
4.5045 n d9 =1 .84666 nu d9 =23.78 r 17 = 9.7836 d 17 = 0.2000 r, 8 = 11.2175 d 18 =. 1.7598 
n d10 =1.72916. nu d10 =54.68 r 19 =. -51.5183 d, 9 = 0.7000 n d1l =1.53172 nu dl1 =48.84 r 20 = 
5.5430 d 20 = (variable) d r21= . 230137 (asphericsurface)21 = 1.9685 n dl2 =1.58913 nu d12 =61.14 r 22 =- 
7.0933 d 22 = 1.0000 r 23 = infinity d 23 = 1.5000. n d13 =1.51633 nu d13 =64.14 r 24 = infinity d 24 = 
1.4400n d)4 =1 .54771 nu d14 =62.84 r 25 = infinity. d, 5 = 0.8000 r 26 =. infinity d 16 = 0.8000 
n d15 =1.51633 nu d15 =64.14r 27 = infinity d l7 = 1.0106 r 28 = infinity (image surface) 
Aspheric surface coefficient The 7th page . K = 0 A 4 =-8.0580. x10 " 5 Ae= 7.6927. 
x10 " 7 A 8 =-2.7173. x10 " 8 A 10 = 0 The 14th page K = 0 A 4 =-1.1033 x10 " 4 A 6 =-1-4285 
x10 " 8 A 8 =-1-8629 x10" 8 A 10 = 0 The 21st page K = 0 A 4 =-8.5891 x10 ' 4 A 6 = 10215 x10 
" 5 A 8 =-3.2143 x10 " 7 A, 0 = 0 zoom data (infinity) 

WE ST TEf (mm) 5.86879. 9.99877 17.39648 F NO 2.4340 3.2140 4.50002 omega 
(degree) 61.4 35.8 21.0 d 9 1 7.88781 8.41716 2.00000 d 13 1. 20000. 6.81663 3.50000 
d 20 3.14136 7.01231 16.74709. 
[0112] 

Example 11 r,= 41.9739. d,= 1.2000 n d1 =1 .77250 nu dl =49.60 r 2 = 11.1642 d 2 = 2.9000 
r 3 = infinityd 3 = 6.5000 n d2 =1 .78590. nu d2 =44.20 r 4 =. infinity (reflector) d 4 = 6.0000. 
n d3 =1. 78590 nu d3 =44.20 r 5 = infinity d 5 = 0.3971 r 6 = 28.0000 d 6 = 1.2000 n d4 =1 .74330. 
nu d4 =49.33 r 7 =. 1 1.3578 (aspheric surface) d 7 =. 0.3457 r 8 = 9.4845. d 8 = 1.7925 
n d5 =1. 84666 nu d5 =23.78 r 9 = 14.2959 d 9 = (variable) r, 0 = infinity(diaphragm) d 10 = 1.0000. 
r„= 47.8757 d„= 1.9600 n d6 =1.729. 16 nu d6 =54.68 r 12 =. -9.0806 d 12 = 0.7000. 
n d7 =1. 72825 nu d7 =28.46 r 13 =-25.4395 d, 3 = Kvariable) 14 = 9.1761 (aspheric surface) 
d 14 = 1.9500 n d8 =1 .74330. nu d8 =49.33 r, 5 =. 75.3616 d 15 = 0.8461. r 16 = 24.3002 d 16 =. 
3.8969 n d9 =1 .74330. nu d9 =49.33 r 17 =. infinity d 17 = 1.0000 n d10 =1 .72825 nu d10 =28.46 r l8 = 
4.8249 d )8 = (variable) r 19 = 49.5382 d 19 =. 2.7500 n d1 ,=1. 69350 nu d)1 =53.20 r 20 =- 
10.0407 (aspheric surface) d 20 = 0.8269 r 21 = infinity d 21 = 1.4400 n d1 2 =1. 54771 



nu d12 =62.84. r 22 = infinity d 22 =. 0.8000 r 23 = infinity d 23 =. 0.8000 n d13 =1.51633. 
nu d13 =64.14 r 24 =. infinity d 24 = 1.0447 r 25 =. infinity (image surface) The 7th page of 
aspheric surface coefficient K =. [ 0 ] The 14th page of A 4 = 2.2504 x10 " 5 A 6 = 
2.6875 x10 _6 A 8 =-1.2962 x io " 7 A 10 = 2.8718 x10 " 9 K =. [ 0 ] The 20th page of A 4 =- 
9.8664 x10 _5 A 6 = 4.0400 x10 - 6 A 8 =-4.4986 x10 - 7 A, 0 = 1.3851 x10 ~ 8 K =. [ 0 ] A 4 = 
5.3089 x10 " 4 A 6 =-1.6198 x10 " 5 A 8 = 4.4581 x10 " 7 A 10 =-4.9080 x10 " 9 zoom data 
(infinity) 

WE ST TEf (mm) 6.02622. 9.31725 14.28897 F N0 2.7652 3.4888 4.52712 omega 
(degree) 62.4 42.8 28.7 d 9 1 4.241 00 6.97804 2.00694 d, 3 2.10000. 6.51339 5.34809 
d 18 2.46549 5.31403 11.45279. 
[0113] 

example 12 r,=-1 4.2761 (aspheric surface). d,= 5.1000 n d1 =1.50913 nu d1 =56.20 r 2 = 
infinity(reflector) d 2 = 5.7941 n d2 =1.50913 nu d2 =56.20. r 3 = infinity d 3 = 2.1000. r 4 =- 
6.4892 d 4 =. 0.8000 n d3 =1. 64000. nu d3 =60.07 r 5 =. -84.1654 d 5 = 1.1935. n d4 =1 .84666 
nu d4 =23.78 r 6 =-1 6.8306 d 6 = (variable) r 7 = infinity (diaphragm) d 7 = 0.4000 r 8 = 34.9225 
(aspheric surface). d 8 =1.4006 n d5 =1. 74330 nu d5 =49.33 r 9 =-1 5.2934 d 9 = 0.1500 r 10 = 
6.1210 d 10 = 3.3481 n d6 =1.61800 nu d6 =63.33 r. „= 27.4556 d,,=. 0.8000 n d7 =1. 84666. 
nu d7 =23.78 r 12 = 4.9467 d 12 = (variable). r 13 = 1 3.6380 d 13 =. 1 .441 5 n d8 =1 .51 633. 
nu d8 =64.14 r 14 =. -143.7586 d 14 = (variable). r 15 =-1 9.5436 d 15 =. 1.3641 n d9 =1.58913. 
nu d9 =61.25 r 16 =. -7.1346 (aspheric surface) d 16 =. 0.8000 r 17 = infinity d 17 =. 1.0500 
n d10 =1. 54771. nu d10 =62.84 r 18 =. infinity d 18 = 0.8000 r 19 =. infinity d 19 = 0.8000 
n d1 ,=1.51 633 nu d11 =64.14 r 20 = infinity d 20 = 0.9669 r 2 ,= infinity (image surface) The 
1st page of aspheric surface coefficient K = 0 A 4 =. 3.2165 x10 " 4 A 6 =_ 9-1 756. x10 " 
7 A 8 = 4.1788. x10 - 9 A, 0 = 0.0000. The 8th page K = 0 A 4 =-1.2083. x10 ' 4 A 6 = 1.1516. 
x10 " 7 A 8 =-2.9381. x10 -*A 10 = 0.0000. The 16th page K = 0 A 4 = 1.3137 x10 " 3 A 6 =- 
2.0878 x10 " 5 A 8 = 4.9397 x10 " 7 A, 0 = 0.0000 Zoom data (infinity) 
WE ST TEf (mm) 5.02898. 8.69474 14.52092 F N0 2.6544 3.5217 4.50792 omega 
(degree) 64.8 38.2 22.6 d 6 14.61860 7.39251 1.80000 d 12 3.75585. 8.20107 4.39975 
d 14 3.16733 5.96897 15.38987. 

[01 14]The aberration figure at the time of the infinite distance object point focus 
of the above Examples 1 and 1 2 is shown in drawing 13 and drawing 1 4 respectively. 
In these aberration figuresspherical aberration SA [ in / (b) can set (a) to a wide 
angle endcan be set to an intermediate stateand / in (c) / a tele edge ]astigmatic 
ASand distortion aberration DT and chromatic-aberration-of-magnification CC are 
shown. 

[01 15]Nextthe value of L and d/L concerning condition (a) - (f) in each above- 
mentioned exampleDpr/fTM^M^n/f^beta^aand t^p is shown. 
[0116] 

Example L d/L D^/f T M 3 /M 2 f , ! /f , 2 1 5.6 0.72088 0.78471 1.19347 -0.12343 2 6.0 
0.79009. 0.76004 0.53348 -0.32094. 3 5.6 0.71 748 0.1 1496. 0.93206 0.36284 4 6.0. 
0.69413 0.15191 0.92989. 0.20195 5 6.640.76797. 0.25931 The 3rd group is negative. 
0 6 6.64. 0.74877 0.27393 — the 3rd group — negative . 0 7 6.64 1.19996 0.17676. 
0.91213 0.37232 8 6.64. 1.17430 0.22374 0.93381. 0.39484 9 6.64 0.94629. 0.21901 
0.85382 0.22917. 10 6.64 0.85491 0.201 1 9 0.85523 0.05553 11 6.64 0.94867 0.37452 



0.73366 0.09671 12 6.0 1.20313 0.30301 0.95350 1.26. 698 . 
[0117] 

Example beta^a t LPF 1 . -1 .6884 3.0 1.80 2-1.19598. 3.0 1.80 3 -1.49396. 3.0 1.804 - 
1.26884 3.0. 0.80 5 -1.51672 3.0. 1.55 6 -1.38530 3.0. 1.44 7 -1.26560 3.0. 1.44 8 - 
1 .301 21 3.0 1 .44 9 -1 .05735 3.0 1 .44 1 0 -1 .1 4882 3.0 1 .44 1 1 -0.86588 3.0 1 .44 1 1 
-1.36309 2.5 1.20. 

[01 18]Nextthe example of the collapsing method of the optical-path bending zoom 
optical system of this invention is explained. Drawing 15 is the example concretely 
applied to the optical-path bending zoom optical system (example 9) of drawing 
9In [ drawing 1 5 (b) is a sectional view including the optical-path bending optic 
axis in the state ( drawing 9 (c)) where the optical-path bending zoom optical 
system of Example 9 is in a wide angle endand ] this stateTwo lenses of the 2nd 
group G2 and the optical-path bending prism P of 1 to 1st group G1-1 are 
evacuated to the space between 1 to 2nd group G1-2and the 2nd group G2The 
vacant space is made to collapse the negative meniscus lens L1 before the 
optical-path bending prism P of 1 to 1st group G1-1and thickness of the optical 
axis direction (depth direction of a camera) which enters into this optical-path 
bending zoom optical system is made thin. When the image surface I side has 
space from the 2nd group G2it may be made to make it evacuate to the image 
surface I side not only including the optical-path bending prism P and 1 to 2nd 
group G1-2 but including 2nd group G2 grade. 

[01 19] Drawing 16 is a key map of one collapsing method at the time of 
constituting the catoptric light study element for optical-path bending from the 
mirror Mand pushes down the mirror M on the position of a dashed lineand pushes 
down the lens L2 by the side of the image surface land L3 on the position of a 
dashed line from the mirror MIt is made to make thin thickness of the optical axis 
direction (depth direction of a camera) which enters into this optical-path bending 
zoom optical system. 

[0120] Drawing 17 is a key map of another collapsing method at the time of 
constituting the catoptric light study element for optical-path bending from the 
mirror Mit pushes down the mirror M on the position of a dashed linemakes the 
vacant space collapse the lens group LG by the side of an object from the mirror 
Mand makes thickness thin similarly. The mirror M is not toppled but it may be 
made to make it evacuate in accordance with the optic axis after bending like 
drawing 15 . 

[0121] Drawing 18 constitutes the catoptric light study element for optical-path 
bending from fluid prism or deformable prism LP gas ( drawing 18 (a))As soon as it 
can crush like drawing 18 (b) by draining a fluid at the time of storageit can also 
make it thin and it makes the vacant space collapse the lens group by the side of 
an object rather than prism LP gas ( drawing 17 )it can carry outas soon as it 
topples other lenses ( drawing 16 )and thickness can also be similarly made thin. 
[0122]In the optical-path bending zoom optical system of this inventionthe 
catoptric light study element for optical-path bending can also consist of shape 
variable mirrors. A shape variable mirror is a reflective mirror which gave reflective 



mirror coating to the deformable filmand it is possible to fold up or to make it 
evacuate by rolling up. 

[0123]When it constitutes the catoptric light study element for optical-path 
bending from a shape variable mirrorit is possible to change a shape variable mirror 
and to make it also make it focus. The key map is shown in drawing 19 . The focus 
to the object of a short distance is performed by change of only the face shape of 
shape variable mirror DM by changing into a concave surfaceas the arrow of the 
graphic display showed the reflector of plane shape variable mirror DM at the time 
of an infinite distance focus. In the case of short distance focusingface shape of 
shape variable mirror DM is made into aspherical surface shape in the significant 
surface of a reflector. When power is especially given to a reflectorthe 
decentration aberration by carrying out eccentricity to it being reflecting surface 
shape symmetrical with rotation in the reflectorand entering occurs, thereforethe 
face shape of shape variable mirror DM — rotation — it is desirable to consider it 
as an unsymmetrical curved surface. 

[01 24] moreover — setting besides an axis with eccentricity — rotation — an 
unsymmetrical distortion aberration etc. occur. In order to amend the decentration 
aberration symmetrical with a field generated with eccentricityit is desirable to 
transform a flat surface including the optic axis which enters and reflects the face 
shape of shape variable mirror DM in the reflector of shape variable mirror DM as 
shown in drawing 20 into the curved surface symmetrical with a field made into the 
only symmetry plane. 

[0125]In the composition of drawing 19 shape variable mirror DM is a flat surface at 
the time of an infinite distance focusbut at the time of the focus to the short- 
distance object pointas shown in drawing 20t he decentration aberration at the 
time of short distance focusing can be amended by transforming a symmetry plane 
into the rotation unsymmetrical aspheric surface made only into the 1st page. The 
miniaturization of the whole electronic imaging device and maintenance of 
performance are attained by such composition. 

[0126] Drawing 21 is the example which performed blurring amendment by carrying 
out the tilt of the reflector of shape variable mirror DM to an arrow direction. It is 
a case where blurring is not started in the state of drawing 19 and drawing 21 is in 
the state which the blurring correcting function which carries out the tilt of the 
reflector of shape variable mirror DM committed. When an imaging device turns to 
the bottom like drawing 21 t o bearing of the exposure axisas shown in a figurean 
incident light axis inclines by changing inclination to the reflector of shape variable 
mirror DM from a dashed line to a real line position. It is desirable to also change 
the whole face shape of shape variable mirror DM so that change of aberration 
may be suppressed in that case. 

[0127]Power may be given to the reflector of the catoptric light study element for 
optical-path bending of this inventionand the face shape may consist of free 
sculptured surfaces etc. Or the reflector of a catoptric light study element may 
consist of HOROGUFIKKU optical elements (HOE). 

[0128]When it constitutes the catoptric light study element from the optical-path 



bending prism P like Examples 1-1 2it may constitute so that the lens and the 
prism P which are arranged before and behind the optical-path bending prism P 
may be joined. 

[0129]By the waywhen it constitutes an electronic imaging device like a digital 
camera using the optical-path bending zoom optical system of this inventionan 
optical path dividing element is arranged between an optical-path bending zoom 
optical system and an electronic image sensor like CCDand it may be made to 
divide a photographing optical path into it on a finder light way. The example is 
shown in drawing 22 . Drawing 22 is a front view of the digital camera 40the 
optical-path bending zoom optical system in this case consists of the catoptric 
light study element M1 which bends a 90-degree optical pathand lens group LA 
arranged at that image surface sideand CCD49 of the image sensor is arranged in 
the image surface. And the optical path dividing element M2 like a half mirror is 
arranged among the lens groups LA and CCD49and an optical path is divided into 
the abbreviated perpendicular side (a figure on) to a flat surface including the optic 
axis before and behind reflection with the catoptric light study element M1. Of 
coursethe optical path dividing element M2 may be a reflector inserted only when 
leading light flux to a finder light way. 90 degrees of optical paths reflected by the 
optical path dividing element M2 are bent by another reflector M3 in a flat surface 
including the optic axis before and behind reflection by the optical path dividing 
element M2and are further bent by 90 degrees of the 4th reflector M4and an optic 
axis ejects them to the optic axis and abbreviated parallel which enter into the 
catoptric light study element Ml. In drawing 22 although the eyepiece optical 
system is not illustratedbefore and after including the ejection side of the 4th 
reflector M4or its reflector M4an eyepiece optical system is arrangedand the 
observation images of a photographic subject are observed by the eyeball of the 
observer located in the ejection side of the 4th reflector M4. 
[0130]By the wayeach low pass filter LF of Examples 1-12 consists of three- 
sheet piles. Of coursean above-mentioned example can be variously changed 
within the limits of composition of having described abovesuch as constituting low 
pass filter LF from one sheetfor example. 

[01 31]In each above exampleit has low pass filter LF which gave near-infrared 
cut-off filter IF or near-infrared cut coated surface IC to the entrance plane side 
like a graphic display in the image side of the last lens group. This near-infrared 
cut-off filter IF and near-infrared cut coated surface IC are constituted so that 
the transmissivity in the wavelength of 700 nm may be 10% or less not less than 
80% in the transmissivity in the wavelength of 600 nm. It is a multilayer film which 
consists of the following lamination of 27 layers concretefor example. 
Howeverdesign wave length is 780 nm. 
[0132] 

Basis Board Construction material Physical thickness (nm) lambda/4. 

. The 1st layer aluminum 2 0 3 58.96. 0.50 The 2nd layer 

Ti0 2 84.19. 1.00 The 3rd layer Si0 2 134.14. 1.00 The 4th layer Ti0 2 84.19. 1.00 The 
5th layer Si0 2 134.14. 1.00 The 6th layer Ti0 2 84.1 9. 1.00 The 7th layer Si0 2 134.14. 



1.00 The 8th layer Ti0 2 84.19. 1.00 The 9th layer Si0 2 134.14. 1.00 The 10th layer 
Ti0 2 84.19. 1.00 The 11th layer Si0 2 134.14. 1.00 The 12th layer Ti0 2 84.1 91 .00. The 
13th layer Si0 2 134.14. 1.00 The 14th layer Ti0 2 84.19. 1.00 15th layer Si0 2 1 78.41 
Si0 2 1.33 The 16th layer TiO 2 101.03 1.21 The 17th layer Si0 2 1 67.67 1.25 The 18th 
layer Ti0 2 96.82 1.15 The 19th layer 147.55 1.05 The 20th layer Ti0 2 84.19 1.00 The 
21st layer Si0 2 1 60.97 1.20 The 22nd layer Ti0 2 84.19 1.00 The 23rd layer 
Si0 2 1 54.26. 1.15 24th layer Ti0 2 95.1 3 The 1 .1 3 25th layer Si0 2 1 60.97 1 .20 The 

26th layer Ti0 2 99.34 1.18 The 27th layer Si0 2 87.19 0.65. 

sky Mind . 

[0133]The transmissivity characteristic of the above-mentioned near-infrared 
sharp cut coat is as being shown in drawing 23 . 

[0134]The color reproduction nature of the electronic image is further improved to 
the projection surface side of low pass filter LF by providing the color filter which 
low-** the penetration of the color of a short wavelength region as shown in 
drawing 24 or coating. 

[0135]The ratio [ as opposed to the transmissivity of the wavelength with the 
highest transmissivity on the wavelength of 400 nm - 700 nm by this filter or 
coating ] of transmissivity with a wavelength of 420 nm is specifically not less than 
15%It is preferred that the ratio of transmissivity with a wavelength of 400 nm to 
that of the highest wavelength is 6% or less. 

[0136]Therebythe gap with the recognition over the color of human being's eyes 
and the color of the picture picturized and reproduced can be reduced. In other 
wordswith human being's visiondegradation of the picture by the color by the side 
of the short wavelength which is hard to be recognized being easily recognized by 
human beings eyes can be prevented. 

[0137]The wavelength which the single wavelength castle which is hard to be 
recognized by human being's eyes can recognize if the ratio of transmissivity with 
an above-mentioned wavelength of 400 nm exceeds 6% will be 
reproducedconverselyif the ratio of transmissivity with an above-mentioned 
wavelength of 420 nm is smaller than 1 5%reproduction of the wavelength castle 
which human being can recognize will become lowand the balance of a color will 
worsen. 

[0138]In the imaging system which used the complementary color mosaic filtera 
means to restrict such wavelength takes effect more. 

[0139]In each above-mentioned exampleas shown in drawing 24t ransmissivity [ in 
/ for the transmissivity in the wavelength of 400 nm / 0% and 420 nm ] is 
considered as coating which becomes peak 100% of transmissivity at 440 nm 90%. 
[0140]By crossing of an operation with the above mentioned near-infrared sharp 
cut coattransmissivity [ in / for transmissivity / in / for transmissivity / in / for 
the transmissivity at 400 nm / 0% and 420 nm / 80% and 600 nm / 82% and 700 
nm ] is made into 2% with a peak of 99% of transmissivity with a wavelength of 450 
nm. Thereby more faithful color reproduction is performed. 

[0141]Low pass filter LF's having the level azimuth angles at the time of projection 
on the image surface (= 0 degree) and three kinds of filters which have a crystal 



axis in the direction of **45 degreerespectively are used for an optical axis 
direction in pilesAbout eachmoire control is performed by shifting only SQRT (1/2) 
x a in amum and the direction of **45 degree horizontallyrespectively. HereSQRT 
is a square route as mentioned aboveand means a square root. 
[0142]On the imaging surface I of CCDcyanogenmagentayellowand the 
complementary color mosaic filter that provided the color filter of four colors of 
green (green) in mosaic shape corresponding to the image pick-up pixel are formed 
as shown in drawing 25 . these four kinds of color filters — each — abbreviated — 
it is arranged at mosaic shape so that it may become the same numberand so that 
it may not correspond to the kind with same adjacent pixel of color filter. Thereby 
more faithful color reproduction becomes possible. 

[0143]A complementary color mosaic filter specifically comprises at least four 
kinds of color filtersas shown in drawing 25 and as for the characteristic of four 
kinds of the color filterit is preferred that it is as follows. 

[0144]Colored filter G of green has a peak of spectral intensity in wavelength G p It 
has a peak of spectral intensity in wavelength Y p and color filter C of cyanogen has 
a peak of spectral intensity in wavelength C p color filter M of magenta has a peak 
in wavelength M P1 and M P2 and color filter Y e of yellow satisfies the following 
conditions. 

[0145]510 nm<G p <540-nm5 nm<Y P -G p — <35-nm-100 nm<C p -G p <-5-nm430 
nm<M pl — < — 480nm580 nm<M P2 <640nm — further — green and yellow. The 
color filter of cyanogen has not less than 80% of intensity on the wavelength of 
530 nm to the peak of each spectral intensityand the color filter of magenta has 
itwhen having 10 to 50% of intensity on the wavelength of 530 nm to the peak of 
the spectral intensity improves color reproduction nature. [ more preferred ] 
[0146]An example of each wavelength characteristic in each above-mentioned 
example is shown in drawing 26 . Color filter G of green has a beak of spectral 
intensity in 525 nm. Color filter Y e of yellow has a peak of spectral intensity in 555 
nm. Colored filter C of cyanogen has a peak of spectral intensity in 510 nm. Color 
filter M of magenta has a peak in 445 nm and 620 nm. To the peak of each 
spectral intensityas for G99%C considers it as 97% by Y e considering it as 95%and 
M makes 38% each color filter at 530 nm. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] They are a tele edge at the time of the infinite distance object point 
focus of Example 1 of an optical-path bending zoom optical system used for the 
electronic imaging device of this invention (a)an intermediate state (b)and a lens 
sectional view in a wide angle end (c). 

[Drawing 2] It is the same lens sectional view as drawing 1 of the optical-path 
bending zoom optical system of Example 2. 

[Drawing 3] It is the same lens sectional view as drawing 1 of the optical-path 
bending zoom optical system of Example 3. 



[Drawing 4] It is the same lens sectional view as drawing 1 of the optical-path 
bending zoom optical system of Example 4. 

[Drawing 5] It is the same lens sectional view as drawing 1 of the optical-path 
bending zoom optical system of Example 5. 

[Drawing 6] It is the same lens sectional view as drawing 1 of the optical-path 
bending zoom optical system of Example 6. 

[Drawing 7] It is the same lens sectional view as drawing 1 of the optical-path 
bending zoom optical system of Example 7. 

[Drawing 8] It is the same lens sectional view as drawing 1 of the optical-path 
bending zoom optical system of Example 8. 

[Drawing 9] It is the same lens sectional view as drawing 1 of the optical-path 
bending zoom optical system of Example 9. 

[Drawing 10] It is the same lens sectional view as drawing 1 of the optical-path 
bending zoom optical system of Example 10. 

[Drawing 1 1] It is the same lens sectional view as drawing 1 of the optical-path 
bending zoom optical system of Example 1 1. 

[Drawing 12] It is the same lens sectional view as drawing 1 of the optical-path 
bending zoom optical system of Example 12. 

[Drawing 13] It is an aberration figure at the time of the infinite distance object 
point focus of Example 1. 

[Drawing 14] It is an aberration figure at the time of the infinite distance object 
point focus of Example 12. 

[Drawing 15] It is a figure for explaining one example of the collapsing method of 

the optical-path bending zoom optical system of this invention. 

[Drawing 16] It is a key map of one collapsing method at the time of constituting 

the catoptric light study element for optical-path bending from a mirror. 

[Drawing 1 7] It is a key map of another collapsing method at the time of 

constituting the catoptric light study element for optical-path bending from a 

mirror. 

[Drawing 18] It is a key map of another collapsing method at the time of 
constituting the catoptric light study element for optical-path bending from fluid 
prism or deformable prism. 

[Drawing 19] It is a key map of the focus method in the case of constituting the 
catoptric light study element for optical-path bending from a shape variable mirror. 
[Drawing 20] It is a key map for explaining the face shape of a shape variable mirror. 
[Drawing 21 ] It is a key map of the blurring amendment method in the case of 
constituting the catoptric light study element for optical-path bending from a 
shape variable mirror. 

[Drawing 22] It is a key map of composition of dividing a finder light way from an 
optical-path bending zoom optical system. 

[Drawing 23] It is a figure showing the transmissivity characteristic of an example 
of a near-infrared sharp cut coat. 

[Drawing 24] It is a figure showing the transmissivity characteristic of an example 
of a color filter provided in the projection surface side of a low pass filter. 



[Drawing 25] It is a figure showing color filter arrangement of a complementary 
color mosaic filter. 

[Drawing 26] It is a figure showing an example of the wavelength characteristic of a 
complementary color mosaic filter. 

[Drawing 27] It is a perspective view showing the details of an example of the 
portion of the brightness diaphragm of each example. 

[Drawing 28] It is a figure showing the details of another example of the portion of 
the brightness diaphragm of each example. 

[Drawing 29] It is a front perspective view showing the appearance of the digital 
camera incorporating the optical-path bending zoom optical system by this 
invention. 

[Drawing 30] It is a back perspective view of the digital camera of drawing 29 . 
[Drawing 31] It is a sectional view of the digital camera of drawing 29 . 
[Drawing 32] It is the front perspective view which constructed the optical-path 
bending zoom optical system by this invention as an objective optical systemand 
opened covering of the ****** personal computer. 

[Drawing 33] It is a sectional view of the photographing optical system of a 
personal computer. 

[Drawing 34] It is a side view of the state of drawing 32 . 

[Drawing 35] The optical-path bending zoom optical system by this invention is 

constructed as an objective optical systemand they are a front view of a ****** 

cellular phonea side viewand a sectional view of the photographing optical system. 

[Description of Notations] 

G1 — The 1st group 

G1-1 — The one to 1st groups 

G1-2 — The one to 2nd groups 

G2 — The 2nd group 

G3 — The 3rd group 

G4 — The 4th group 

G5 — The 5th group 

P — Optical-path bending prism 

S — aperture diaphragm (when independent) 

IF — Near-infrared cut-off filter 

IC — Near-infrared cut coated surface 

LF — Optical low pass filter 

CG — Cover glass 

I — Image surface 

E — Observer eyeball 

L1 — Negative meniscus lens 

M — Mirror for optical-path bending 

L2L3 — Lens 

LG — Lens group 

LP gas — Fluid prismdeformable prism 
DM — Shape variable mirror 



M1 — Catoptric light study element 
LA — Lens group 

M2 — Optical path dividing element 
M3M4 — Reflector 
1A1B1C1D1E — Opening 

one — A — ' — one — B — ' — one — C — ' — one — D — ' — one — E — ' 
— an opening 

1 0 — Turret 
1 0' — Turret 

1 1 — Axis of rotation 

40 — Digital camera 

41 — Photographing optical system 

42 — Optical path for photography 

43 — Finder optical system 

44 — Optical path for finders 

45 — Shutter 

46 — Flash plate 

47 — Liquid-crystal-display monitor 

49 — CCD 

50 — Cover member 

51 — Processing means 

52 — Recording device 

53 — Objective optical system for finders 
55 — Porro 

57 — Visual field frame 

59 — Eyepiece optical system 

112 — Object lens 

113 — Mirror frame 

114 — Cover glass 
1 60 — Imaging unit 

162 — Image sensor chip 
1 66 — Terminal 

300 — Personal computer 

301 — Keyboard 

302 — Monitor 

303 — Photographing optical system 

304 — Photographing optical path 

305 — Picture 

400 — Cellular phone 

401 — Microphone part 

402 — Loudspeaker part 

403 — Input dial 

404 — Monitor 

405 — Photographing optical system 



406 — Antenna 

407 — Photographing optical path 



